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Motivated by the recent activities on the Ni-based diamond lattice antiferromagnet NiRh2O4, we
theoretically explore on a general ground the unique spin and orbital physics for the Ni2+ ions with
a 3d8 electron configuration in the tetrahedral crystal field environment and on a diamond lattice
Mott insulator. The superexchange interaction between the local moments usually favors magnetic
orders. Due to the particular electron configuration of the Ni2+ ion with a partially filled upper t2g
level and a fully filled lower eg level, the atomic spin-orbit coupling becomes active at the linear
order and would favor a spin-orbital-entangled singlet with quenched local moments in the single-ion
limit. Thus, the spin-orbital entanglement competes with the superexchange and could drive the
system to a quantum critical point that separates the spin-orbital singlet and the magnetic order.
We further explore the effects of magnetic field and uniaxial pressure. The non-trivial response to
the magnetic field is intimately tied to the underlying spin-orbital structure of the local moments.
We discuss the future experiments such as doping and pressure, and point out the correspondence
between different electron configurations.
Introduction.—The spin-orbit coupling (SOC) is a rel-
ativistic effect and plays an important role in our under-
standing of the quantum mechanical properties of quan-
tum materials with heavy elements. Contrary to this
conventional belief that explains the recent SOC activ-
ities in 4d/5d transition metal compounds [1], SOC oc-
casionally becomes important in 3d transition metal ma-
terials, especially in the Mott insulating systems with
orbital degeneracies [2]. It is well-known that, in Mott
insulators with pure spin moments, the atomic SOC en-
ters via the high order perturbation of the Hubbard
model and generates the single-ion spin anisotropy and
the Dzyaloshinskii-Moriya interaction [2]. Except under
certain circumstances, these extra spin anisotropy and in-
teractions can often be regarded as small perturbations
to the (Heisenberg) exchange part of the interactions.
When the system has an orbital degeneracy, however, the
atomic SOC should be considered at the first place and
would reconstruct local spin and orbital degrees of free-
dom. The diamond lattice antiferromagnet FeSc2S4 [3–
12] and various vanadates [2, 13–15] provide physical re-
alizations of such physics, where the former has an eg
orbital degeneracy while the latter has a t2g degeneracy.
In this Letter, we study a diamond lattice anti-
ferromagnet where the Ni2+ ions are the magnetic
ions. We are partly motivated by the experiments and
the existence of the diamond lattice antiferromagnet
NiRh2O4 [16], and explore on a general ground the conse-
quence of the atomic SOC of the Ni2+ ions. We point out
that there exists a keen competition between the atomic
SOC at the single-ion level and the inter-site superex-
change interaction for the 3d transition metal ion like
Ni2+. The spin-orbital singlet would give way to the mag-
netically ordered state through a quantum phase transi-
tion when the superexchange interaction dominates over
the atomic SOC. We further show the effect of the ex-
ternal magnetic field and the uniaxial pressure on the
quantum criticality. The non-trivial structure of the
phase diagram such as the re-entrant transition under the
field directly reveals the underlying spin-orbital structure
of the local moments. Although our motivation origi-
nates partly from the diamond lattice antiferromagnet
NiRh2O4, the physics that we reveal in this Letter may
be well extended to other magnets with similar crystal
field schemes and orbital configurations. We further go
beyond the specific case of the Ni2+ ions, establish the
correspondence between different electron configurations,
and suggest the applicability to many other materials.
The microscopics and the model.—We start with the
microscopics of the Ni2+ ion. In NiRh2O4, the Ni
2+ ion is
in the tetrahedral crystal field environment, and as a re-
sult, the t2g levels are higher in energy than the eg levels.
As we show in Fig. 1, the lower eg levels are completely
filled, and the t2g levels are partially filled with four elec-
FIG. 1. (Color online.) The electron configuration of the Ni2+
ion in the tetrahedral crystal field environment. When the
atomic spin-orbit coupling (SOC) is introduced, the electron
states in the upper t2g levels are further split into the spin-
orbital entangled J states. In the figure, “CEF” refers to the
crystal electric field splitting.
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2trons. For our purpose here, we first ignore the further
splitting within the t2g manifold and include this specific
physics for NiRh2O4 in the later part of the Letter. Be-
cause the t2g levels are partially filled, the atomic SOC
is active at the linear order. As the fully-filled eg mani-
fold can be neglected, the local physics for the 3d8 elec-
tron configuration here is rather analogous to the one for
the 4d4/5d4 electron configurations of the Ru4+ or Ir5+
ions that have been discussed in Refs. 17 and 18, where
the latter [18] proposed the possibility of excitonic mag-
netism. For the t2g manifold in Fig. 1, the local Hund’s
coupling first favors a total spin S = 1 local moment, and
the remaining orbital occupation still has a three-fold de-
generacy. The total orbital angular momentum remains
unquenched and can be treated as an effective orbital an-
gular moment L with L = 1 in the reduced Hilbert space
of the three orbital occupations. The atomic SOC is then
written as
Hsoc = +λ
∑
i
Li · Si, (1)
where the sign of the SOC is opposite to the case for
two electrons in the t2g manifold. The SOC here acts
on the total spin and total orbital angular momentum
of the four electrons and differs from the SOC at the
single electron level. The SOC entangles the spin and the
orbitals and leads to a total moment J in the single ion
limit. The single-ion ground state is a spin-orbital singlet
with J = 0, and the excited ones are J = 1 triplets and
J = 2 quintuplets (see Fig. 1).
Besides the atomic SOC, the spin and orbital degrees
of freedom on neighboring sites interact with each other
through the superexchange interaction. Due to the or-
bital degeneracy, the exchange interaction should be of
the Kugel-Khomskii form [19]. The superexchange path
for both first neighbor and second neighbor in NiRh2O4
is given by Ni-O-Rh-O-Ni and involves five atoms. Thus,
the explicit derivation of the superexchange interaction is
complicated and is not quantitatively reliable. Our pur-
pose here is not to be quantitatively precise, but is to cap-
ture the generic physics of the competition between the
spin-orbital entanglement and the tendency to magnetic
ordering for the Ni-based magnets and the systems alike.
Thus, we consider a simplified superexchange model with
only spin interactions. The exchange model is given as
Hex =
∑
ij
JijSi · Sj
=
∑
〈ij〉
J1 Si · Sj +
∑
〈〈ij〉〉
J2 Si · Sj , (2)
where J1 (J2) is the first (second) neighbor exchange cou-
pling. This simplified model captures the ordering ten-
dency, but is not supposed to capture the possibility of an
(exotic) quantum spin-orbital liquid with fractionalized
excitations [20].
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FIG. 2. (Color online.) The phase diagram of the full model
in Eq. (3). This phase diagram summarizes the competition
between the SOC and the superexchange interaction and cap-
tures the frustration of the exchange part. Please refer to the
main text for details about the magnetic orders.
Phase diagram and quantum criticality.—Here we
study the full Hamiltonian that contains both SOC and
exchange interaction with,
H = Hsoc +Hex. (3)
Once our full model is written, the physics is almost
transparent. Besides the competition between SOC and
exchange, the exchange frustration would further compli-
cate our phase diagram. To establish the phase diagram,
one approach is to start from the (non-magnetic) spin-
orbital singlet phase and study its magnetic instability to
an ordered state by condensing the excitonic excitation.
The resulting ordered state was dubbed “excitonic mag-
netic state”. This approach was used by G. Khaliullin for
a more realistic exchange model on a square lattice [18]
with 4d4/5d4 ions such as CaRu2O4 by truncating the
physical Hilbert space to the J = 0 and J = 1 states.
The other approach is to start from the ordered state
and tracing the fate of the magnetic order parameters
as we increase the strength of the SOC. When the mag-
netic order disappears, the system enters the spin-orbital
singlet phase. Both approaches are adopted in this work.
Via a Weiss-type mean-field decoupling, our Hamiltonian
becomes
H → HMFT = Hsoc +
∑
〈ij〉
J1 Si · 〈Sj〉
+
∑
〈〈ij〉〉
J2 Si · 〈Sj〉, (4)
where 〈Sj〉 is taken as a mean-field order parameter. To
choose a mean-field ansatz for the order parameter, we
start from the limiting case with a vanishing SOC such
that this limit has been well-understood. Here we con-
sider the antiferromagnetic couplings J1 > 0 and J2 > 0.
It was shown that [20–22], for J2/J1 < 1/8, a Nee´l
state with an order wavevector q = 0 is obtained; for
3J2/J1 > 1/8, the ground state has a spiral configuration,
and the degenerate order wavevectors form a spiral sur-
face [20] in momentum space and satisfy
cos
qx
2
cos
qy
2
+ cos
qx
2
cos
qz
2
+ cos
qy
2
cos
qz
2
=
J21
16J22
− 1.
(5)
When J2/J1 is increased from 1/8, this “spiral surface”
emerges and surrounds q = 0, showing a nearly spherical
geometry. It then touches the boundary of the Brillouin
zone at J2/J1 = 1/4 and develops “holes” on the bound-
ary of the Brillouin zone, as J2/J1 is further increased.
Finally, the spiral surface shrinks to lines corresponding
to the degenerate ground state manifold of two decou-
pled face centered cubic lattices in the limit J2/J1 →∞.
This degeneracy is lifted when quantum fluctuation is in-
cluded, giving certain stabilized spiral orders [23–25]. For
1/8 < J2/J1 < 1/4, the selected wavevectors are along
the [111] direction. For 1/4 < J2/J1 > 1/2, the [111] di-
rection no longer intersects with the spiral surface and the
selected wavevectors are around the [111] direction. This
region is labeled by [111∗] in Fig. 2. When J2/J1 ? 1/2,
quantum fluctuation favors the spiral orders with the
wavevectors along the [001] direction.
From the known results, we set up a general mean-field
ansatz as
rj ∈ I, 〈Sj〉 =MRe
[
(xˆ− iyˆ)eiq·rj ], (6)
rj ∈ II, 〈Sj〉 =MRe
[
(xˆ− iyˆ)ei(q·rj+φq)], (7)
where “I” and “II” refer to the two sublattices of the
diamond lattice, q is the propagating wave vector of the
spin spiral and φq is the phase shift between the two
sublattices [20]. The order parameter M is determined
self-consistently from the mean-field Hamiltonian HMFT.
Our phase diagram is depicted in Fig. 2. When SOC
is weak, the magnetic ordered phase is separated into
the Ne´el order region and the spiral order regions (111,
111∗ and 001). A transition from magnetic ordered phase
to the spin-orbital singlet (SOS) occurs when increas-
ing the strength of SOC. This transition is evidenced by
the vanishing of M and is found to be continuous within
our mean-field theory. The critical strength of SOC is
16(J1/3−J2) for J2/J1 < 1/8 and J21/(3J2) + 16J2/3 for
J2/J1 > 1/8. As expected, when the frustration is large,
a smaller critical SOC is needed to drive the transition.
The smallest critical SOC is found at J2/J1 = 1/4.
To explore the critical properties, we start from the
spin-orbital singlet and study its excitations and insta-
bility [18, 26]. Removing the highly excited J = 2 quintu-
plets, we then rewrite our model using a representation
with four flavors of bosons si, tix, tiy, tiz on each site i
that are defined as
s†i |0〉 ≡ |0, 0〉i , (8)
t†ix |0〉 ≡ i (|1, 1〉i − |1,−1〉i) /
√
2, (9)
t†iy |0〉 ≡ (|1, 1〉i + |1,−1〉i) /
√
2, (10)
t†iz |0〉 ≡ −i |1, 0〉i , (11)
where the states are labeled |J, Jz〉 and |0〉 is the
vacuum state. A local Hilbert space constraint
s†isi +
∑
α t
†
iαtiα = 1 is imposed with α = x, y, z. In the
spin-orbital singlet phase, the singlet boson si is con-
densed with 〈si〉 ≡ s 6= 0. With the above reformulation
of the spin variables, we obtain a flavor-wave mean-field
Hamiltonian for the triplet excitations,
HfMF =
∑
ij,α
2Jij
3
(t†iαtjα + t
†
iαt
†
jα) + λ
∑
iα
t†iαtiα, (12)
where the detailed derivation is given in the Supplemen-
tary Material [27], and the triplon excitation is found as
ω±(q) = λ
1
2 (λ+ 4J±q /3)
1
2 , (13)
with J±q ≡ J2
∑
bi
eiq·bi ± J1
∣∣∑
ai
eiq·ai
∣∣, and {ai}
({bi}) refer to the first (second) neighbor vectors. Both
ω±(q) are three-fold degenerate and the minimum of
ω−(q) is determined by minimizing J−q . For J2/J1 < 1/8,
a single minimum is realized at the Γ point, and for
J2/J1 > 1/8, the minima are extensively degenerate and
realized on the “spiral surface”.
The triplon gap is closed at a critical SOC that coin-
cides with the Weiss mean-field result. For J2/J1 > 1/8,
the enhanced density of states at low energies at the crit-
icality implies a specific heat behavior Cv ∝ T at low
temperatures [23, 28]. This behavior should be modified
at the zero-temperature limit since the accidental contin-
uous degeneracy in momentum space would be lifted by
fluctuations. On the other hand, for J2/J1 < 1/8, there
is only a single critical mode at the criticality, hence one
expects a conventional Cv ∝ T 3 behavior up to a loga-
rithmic correction from fluctuations beyond the mean-
field theory.
Response to magnetic field.—The response to external
magnetic field provides an important and visible charac-
terization of the phase transition from the spin-orbital
singlet to the ordered phase. It is of experimental inter-
est to understand whether the magnetic field enhances
the magnetic order like the case for the dimerized mag-
nets [29] or suppresses the magnetic order like the case
for FeSc2S4 [3, 4, 6, 7]. We consider the Zeeman cou-
pling, HZeeman = −
∑
iB(L
z
i + 2S
z
i ), and the mean-field
Hamiltonian becomes H ′MFT = HMFT +HZeeman.
With the magnetic field, the mean-field ansatz is
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<latexit sha1_base64="qPLAEj8xFt8pX0KH6G5vmnS6UNE=">AAACEnicbVBNS8NAEN3Ur1q/qh69BIvgxZLo QQUPBS8eWzC20Iay2WzapZvdsDsRasgv8Gp/jSfx6h/wxwhu2xxs64OBx3szzMwLEs40OM63VVpb39jcKm9Xdnb39g+qh0dPWqaKUI9ILlUnwJpyJqgHDDjtJIriOOC0HYzup377mSrNpHiEcUL9GA8EixjBYKSW26/WnLozg71K3I LUUIFmv/rTCyVJYyqAcKx113US8DOsgBFO80ov1TTBZIQHtGuowDHVfjY7NLfPjBLakVSmBNgz9e9EhmOtx3FgOmMMQ73sTcX/vG4K0Y2fMZGkQAWZL4pSboO0p1/bIVOUAB8bgoli5labDLHCBEw2C1uAjV7yFeXiKky4hLxi8nKX 01kl3mX9tu62nFrjrgiujE7QKTpHLrpGDfSAmshDBFH0it7QxJpY79aH9TlvLVnFzDFagPX1C89LnnY=</latexit>(b)
<latexit sha1_base64="wC2K27CrQy8JcCERGXjzra HOSkY=">AAACG3icbVDLTgJBEOzFF+IL9ehlAzHBGMmuHtQb0YtHTESIQMjsMMCE2dnNTK8RN/sXXiV+jCfj1YM fY+LwOAhYSSeVqu50d3mh4Bod59tKLS2vrK6l1zMbm1vbO9ndvXsdRIqyCg1EoGoe0UxwySrIUbBaqBjxPcGqXv 965FcfmdI8kHc4CFnTJ13JO5wSNNJDA9kTxgXvKGll807RGcNeJO6U5Eu5xvEbAJRb2Z9GO6CRzyRSQbSuu06IzZ go5FSwJNOINAsJ7ZMuqxsqic90Mx5fnNiHRmnbnUCZkmiP1b8TMfG1Hvie6fQJ9vS8NxL/8+oRdi6aMZdhhEzSy aJOJGwM7NH7dpsrRlEMDCFUcXOrTXtEEYompJktyPvPyYJyctYORYBJxuTlzqezSCqnxcuie2tyu4IJ0nAAOSiA C+dQghsoQwUoSHiBVxhaQ+vd+rA+J60pazqzDzOwvn4Bkq6j+g==</latexit><latexit sha1_base64="dkEwMi4llKHdfeXTrb/xZI ShiAQ=">AAACG3icbVBNS8NAEN34WetX1aOX0CJUxJLoQb0VvXisYG2xDWWz2bRLN5uwOxFjyL/o1f4aT+LVQ3+ M4PbjYFsfDDzem2FmnhtxpsCyRsbK6tr6xmZuK7+9s7u3Xzg4fFJhLAmtk5CHsuliRTkTtA4MOG1GkuLA5bTh9u /GfuOFSsVC8QhJRJ0AdwXzGcGgpec20FdIy+5p1imUrIo1gblM7BkpVYvts8GomtQ6hZ+2F5I4oAIIx0q1bCsCJ8 USGOE0y7djRSNM+rhLW5oKHFDlpJOLM/NEK57ph1KXAHOi/p1IcaBUEri6M8DQU4veWPzPa8XgXzspE1EMVJDpI j/mJoTm+H3TY5IS4IkmmEimbzVJD0tMQIc0twVY/y1bUs4vvYiHkOV1XvZiOsukflG5qdgPOrdbNEUOHaMiKiMb XaEqukc1VEcECTRA72hoDI0P49P4mrauGLOZIzQH4/sX3BSlgA==</latexit><latexit sha1_base64="dkEwMi4llKHdfeXTrb/xZI ShiAQ=">AAACG3icbVBNS8NAEN34WetX1aOX0CJUxJLoQb0VvXisYG2xDWWz2bRLN5uwOxFjyL/o1f4aT+LVQ3+ M4PbjYFsfDDzem2FmnhtxpsCyRsbK6tr6xmZuK7+9s7u3Xzg4fFJhLAmtk5CHsuliRTkTtA4MOG1GkuLA5bTh9u /GfuOFSsVC8QhJRJ0AdwXzGcGgpec20FdIy+5p1imUrIo1gblM7BkpVYvts8GomtQ6hZ+2F5I4oAIIx0q1bCsCJ8 USGOE0y7djRSNM+rhLW5oKHFDlpJOLM/NEK57ph1KXAHOi/p1IcaBUEri6M8DQU4veWPzPa8XgXzspE1EMVJDpI j/mJoTm+H3TY5IS4IkmmEimbzVJD0tMQIc0twVY/y1bUs4vvYiHkOV1XvZiOsukflG5qdgPOrdbNEUOHaMiKiMb XaEqukc1VEcECTRA72hoDI0P49P4mrauGLOZIzQH4/sX3BSlgA==</latexit><latexit sha1_base64="LQ0ocvz//vmc4IHquCzgVY xT/Ao=">AAACG3icbVBNT8JAEN36ifiFevSykZjgQdLqQb0RvXjExAoRGrLdLrBhu212p0Zs+i+8yq/xZLx68Me YuEAPAr5kkpf3ZjIzz48F12Db39bS8srq2npho7i5tb2zW9rbf9BRoihzaSQi1fSJZoJL5gIHwZqxYiT0BWv4g5 ux33hiSvNI3sMwZl5IepJ3OSVgpMc2sGdIK/5J1imV7ao9AV4kTk7KKEe9U/ppBxFNQiaBCqJ1y7Fj8FKigFPBsm I70SwmdEB6rGWoJCHTXjq5OMPHRglwN1KmJOCJ+nciJaHWw9A3nSGBvp73xuJ/XiuB7qWXchknwCSdLuomAkOEx +/jgCtGQQwNIVRxcyumfaIIBRPSzBbgg5dsQTk9D2IRQVY0eTnz6SwS96x6VXXu7HLtOg+ugA7REaogB12gGrpF deQiiiR6RW9oZI2sd+vD+py2Lln5zAGagfX1Cz+1onE=</latexit>
(c)
<latexit sha1_base64="mF+gU67INKHoEjwgCxwq+5 Aer30=">AAACG3icbVDLTgJBEOzFF+IL9ehlAzHBGMmuHtQb0YtHTESIQMjsMMCE2dnNTK8RN/sXXiV+jCfj1YM fY+LwOAhYSSeVqu50d3mh4Bod59tKLS2vrK6l1zMbm1vbO9ndvXsdRIqyCg1EoGoe0UxwySrIUbBaqBjxPcGqXv 965FcfmdI8kHc4CFnTJ13JO5wSNNJDA9kTxgV6lLSyeafojGEvEndK8qVc4/gNAMqt7E+jHdDIZxKpIFrXXSfEZk wUcipYkmlEmoWE9kmX1Q2VxGe6GY8vTuxDo7TtTqBMSbTH6t+JmPhaD3zPdPoEe3reG4n/efUIOxfNmMswQibpZ FEnEjYG9uh9u80VoygGhhCquLnVpj2iCEUT0swW5P3nZEE5OWuHIsAkY/Jy59NZJJXT4mXRvTW5XcEEaTiAHBTA hXMowQ2UoQIUJLzAKwytofVufVifk9aUNZ3ZhxlYX7+UXqP7</latexit><latexit sha1_base64="CQTiEwFrccvtj9OOGKjkU+ cKIjg=">AAACG3icbVBNT8JAEN36ifiFevTSQEwwRtLqQb0RvXjExAqRErJdFtiw3W12p0Zs+i+4yq/xZLx64Me YuHwcBHzJJC/vzWRmXhBxpsFxRtbK6tr6xmZmK7u9s7u3nzs4fNIyVoR6RHKpagHWlDNBPWDAaS1SFIcBp9Wgdz f2qy9UaSbFI/Qj2ghxR7A2IxiM9OwDfYWkSE7TZq7glJwJ7GXizkihnPfPBqNyv9LM/fgtSeKQCiAca113nQgaCV bACKdp1o81jTDp4Q6tGypwSHUjmVyc2idGadltqUwJsCfq34kEh1r3w8B0hhi6etEbi/959Rja142EiSgGKsh0U TvmNkh7/L7dYooS4H1DMFHM3GqTLlaYgAlpbguw3lu6pJxftiIuIc2avNzFdJaJd1G6KbkPJrdbNEUGHaM8KiIX XaEyukcV5CGCBBqgdzS0htaH9Wl9TVtXrNnMEZqD9f0L3cSlgQ==</latexit><latexit sha1_base64="CQTiEwFrccvtj9OOGKjkU+ cKIjg=">AAACG3icbVBNT8JAEN36ifiFevTSQEwwRtLqQb0RvXjExAqRErJdFtiw3W12p0Zs+i+4yq/xZLx64Me YuHwcBHzJJC/vzWRmXhBxpsFxRtbK6tr6xmZmK7u9s7u3nzs4fNIyVoR6RHKpagHWlDNBPWDAaS1SFIcBp9Wgdz f2qy9UaSbFI/Qj2ghxR7A2IxiM9OwDfYWkSE7TZq7glJwJ7GXizkihnPfPBqNyv9LM/fgtSeKQCiAca113nQgaCV bACKdp1o81jTDp4Q6tGypwSHUjmVyc2idGadltqUwJsCfq34kEh1r3w8B0hhi6etEbi/959Rja142EiSgGKsh0U TvmNkh7/L7dYooS4H1DMFHM3GqTLlaYgAlpbguw3lu6pJxftiIuIc2avNzFdJaJd1G6KbkPJrdbNEUGHaM8KiIX XaEyukcV5CGCBBqgdzS0htaH9Wl9TVtXrNnMEZqD9f0L3cSlgQ==</latexit><latexit sha1_base64="LRxRsJnnsJGCN0tiA8i8kD P6TY0=">AAACG3icbVBNT8JAEN36ifiFevSykZjgQdLqQb0RvXjExAoRGrLdLrBhu212p0Zs+i+8yq/xZLx68Me YuEAPAr5kkpf3ZjIzz48F12Db39bS8srq2npho7i5tb2zW9rbf9BRoihzaSQi1fSJZoJL5gIHwZqxYiT0BWv4g5 ux33hiSvNI3sMwZl5IepJ3OSVgpMc2sGdIK/Qk65TKdtWeAC8SJydllKPeKf20g4gmIZNABdG65dgxeClRwKlgWb GdaBYTOiA91jJUkpBpL51cnOFjowS4GylTEvBE/TuRklDrYeibzpBAX897Y/E/r5VA99JLuYwTYJJOF3UTgSHC4 /dxwBWjIIaGEKq4uRXTPlGEgglpZgvwwUu2oJyeB7GIICuavJz5dBaJe1a9qjp3drl2nQdXQIfoCFWQgy5QDd2i OnIRRRK9ojc0skbWu/VhfU5bl6x85gDNwPr6BUFlonI=</latexit>
(d)
<latexit sha1_base64="KWIXbyGnMsRRpul9zxFAUv MpjS8=">AAACG3icbVBNS8NAEJ34WetX1aOXYBEUsSR6UG9FLx4rGBWbIJvNtl262YTdiVhD/oVXiz/Gk3j14I8 R3LYetPXBwOO9GWbmhangGh3n05qanpmdmy8tlBeXlldWK2vrVzrJFGUeTUSibkKimeCSechRsJtUMRKHgl2H3b OBf33PlOaJvMReyoKYtCVvcUrQSLc+sgfMd6Ld4q5SdWrOEPYkcX9Itb7l770AQOOu8uVHCc1iJpEKonXTdVIMcq KQU8GKsp9plhLaJW3WNFSSmOkgH15c2NtGiexWokxJtIfq74mcxFr34tB0xgQ7etwbiP95zQxbx0HOZZohk3S0q JUJGxN78L4dccUoip4hhCpubrVphyhC0YT0Zwvy7mMxoewfRqlIsCibvNzxdCaJd1A7qbkXJrdTGKEEm7AFO+DC EdThHBrgAQUJT/AMfatvvVpv1vuodcr6mdmAP7A+vgGWDqP8</latexit><latexit sha1_base64="vZAKKfBnKvonP2VlEPPqox wWYOg=">AAACG3icbVBNS8NAEN34WetX1aOX0CJUxJLoQb0VvXisYGyxLWWz2bRLN5uwOxFjyL/o1f4aT+LVQ3+ M4PbjYFsfDDzem2FmnhtxpsCyRsbK6tr6xmZuK7+9s7u3Xzg4fFJhLAl1SMhD2XCxopwJ6gADThuRpDhwOa27/b uxX3+hUrFQPEIS0XaAu4L5jGDQ0nML6CukZe806xRKVsWawFwm9oyUqsXW2WBUTWqdwk/LC0kcUAGEY6WathVBO8 USGOE0y7diRSNM+rhLm5oKHFDVTicXZ+aJVjzTD6UuAeZE/TuR4kCpJHB1Z4Chpxa9sfif14zBv26nTEQxUEGmi /yYmxCa4/dNj0lKgCeaYCKZvtUkPSwxAR3S3BZg/bdsSTm/9CIeQpbXedmL6SwT56JyU7EfdG63aIocOkZFVEY2 ukJVdI9qyEEECTRA72hoDI0P49P4mrauGLOZIzQH4/sX33Slgg==</latexit><latexit sha1_base64="vZAKKfBnKvonP2VlEPPqox wWYOg=">AAACG3icbVBNS8NAEN34WetX1aOX0CJUxJLoQb0VvXisYGyxLWWz2bRLN5uwOxFjyL/o1f4aT+LVQ3+ M4PbjYFsfDDzem2FmnhtxpsCyRsbK6tr6xmZuK7+9s7u3Xzg4fFJhLAl1SMhD2XCxopwJ6gADThuRpDhwOa27/b uxX3+hUrFQPEIS0XaAu4L5jGDQ0nML6CukZe806xRKVsWawFwm9oyUqsXW2WBUTWqdwk/LC0kcUAGEY6WathVBO8 USGOE0y7diRSNM+rhLm5oKHFDVTicXZ+aJVjzTD6UuAeZE/TuR4kCpJHB1Z4Chpxa9sfif14zBv26nTEQxUEGmi /yYmxCa4/dNj0lKgCeaYCKZvtUkPSwxAR3S3BZg/bdsSTm/9CIeQpbXedmL6SwT56JyU7EfdG63aIocOkZFVEY2 ukJVdI9qyEEECTRA72hoDI0P49P4mrauGLOZIzQH4/sX33Slgg==</latexit><latexit sha1_base64="Jfhv5Ip7ZdDqHGnfpPJ4R2 utBPY=">AAACG3icbVBNT8JAEN36ifiFevSykZjgQdLqQb0RvXjExAoRGrLdLrBhu212p0Zs+i+8yq/xZLx68Me YuEAPAr5kkpf3ZjIzz48F12Db39bS8srq2npho7i5tb2zW9rbf9BRoihzaSQi1fSJZoJL5gIHwZqxYiT0BWv4g5 ux33hiSvNI3sMwZl5IepJ3OSVgpMc2sGdIK8FJ1imV7ao9AV4kTk7KKEe9U/ppBxFNQiaBCqJ1y7Fj8FKigFPBsm I70SwmdEB6rGWoJCHTXjq5OMPHRglwN1KmJOCJ+nciJaHWw9A3nSGBvp73xuJ/XiuB7qWXchknwCSdLuomAkOEx +/jgCtGQQwNIVRxcyumfaIIBRPSzBbgg5dsQTk9D2IRQVY0eTnz6SwS96x6VXXu7HLtOg+ugA7REaogB12gGrpF deQiiiR6RW9oZI2sd+vD+py2Lln5zAGagfX1C0MVonM=</latexit>
(e)
<latexit sha1_base64="I35wmIpdh19Smn54yMszNY lH7xA=">AAACG3icbVDLSgNBEOyN7/iKevSyJAiKGHb1oN5ELx4VjBGTILOTTjJkdnaZ6RXjsn/hVfFjPIlXD36 M4ORx0MSChqKqm+6uIJbCkOd9Obmp6ZnZufmF/OLS8spqYW392kSJ5ljhkYz0TcAMSqGwQoIk3sQaWRhIrAbds7 5fvUdtRKSuqBdjI2RtJVqCM7LSbZ3wgdJt3MnuCiWv7A3gThJ/REonxfruKwBc3BW+682IJyEq4pIZU/O9mBop0y S4xCxfTwzGjHdZG2uWKhaiaaSDizN3yypNtxVpW4rcgfp7ImWhMb0wsJ0ho44Z9/rif14todZRIxUqTggVHy5qJ dKlyO2/7zaFRk6yZwnjWthbXd5hmnGyIf3ZQqL7mE0oewfNWEaU5W1e/ng6k6SyXz4u+5c2t1MYYh42oQjb4MMh nMA5XEAFOCh4gmd4cV6cN+fd+Ri25pzRzAb8gfP5A5e+o/0=</latexit><latexit sha1_base64="Pfm7kjl7mWmuILO8+R5wPs xGxas=">AAACG3icbVDLTgJBEJz1ifhCPXrZQEwwRrKrB/VG9OIRExEiEDI7NDBhdnYz02vEzf4FV/kaT8arBz7 GxOFxELCSTipV3enu8kLBNTrOyFpZXVvf2Extpbd3dvf2MweHTzqIFIMyC0Sgqh7VILiEMnIUUA0VUN8TUPF6d2 O/8gJK80A+Yj+Ehk87krc5o2ik5zrCK8Z5OE2amZxTcCawl4k7I7litn42GBX7pWbmp94KWOSDRCao1jXXCbERU4 WcCUjS9UhDSFmPdqBmqKQ+6EY8uTixT4zSstuBMiXRnqh/J2Lqa933PdPpU+zqRW8s/ufVImxfN2IuwwhBsumid iRsDOzx+3aLK2Ao+oZQpri51WZdqihDE9LcFuS9t2RJOb9shSLAJG3ychfTWSbli8JNwX0wud2SKVLkmGRJnrjk ihTJPSmRMmFEkgF5J0NraH1Yn9bXtHXFms0ckTlY37/hJKWD</latexit><latexit sha1_base64="Pfm7kjl7mWmuILO8+R5wPs xGxas=">AAACG3icbVDLTgJBEJz1ifhCPXrZQEwwRrKrB/VG9OIRExEiEDI7NDBhdnYz02vEzf4FV/kaT8arBz7 GxOFxELCSTipV3enu8kLBNTrOyFpZXVvf2Extpbd3dvf2MweHTzqIFIMyC0Sgqh7VILiEMnIUUA0VUN8TUPF6d2 O/8gJK80A+Yj+Ehk87krc5o2ik5zrCK8Z5OE2amZxTcCawl4k7I7litn42GBX7pWbmp94KWOSDRCao1jXXCbERU4 WcCUjS9UhDSFmPdqBmqKQ+6EY8uTixT4zSstuBMiXRnqh/J2Lqa933PdPpU+zqRW8s/ufVImxfN2IuwwhBsumid iRsDOzx+3aLK2Ao+oZQpri51WZdqihDE9LcFuS9t2RJOb9shSLAJG3ychfTWSbli8JNwX0wud2SKVLkmGRJnrjk ihTJPSmRMmFEkgF5J0NraH1Yn9bXtHXFms0ckTlY37/hJKWD</latexit><latexit sha1_base64="wnWsLZ0ob5QiJdwm60q+Vk hC0Kg=">AAACG3icbVBNS8NAEN34WetX1aOXYBHqwZLoQb0VvXisYG2xDWWzmbZLN5uwOxFryL/wan+NJ/HqwR8 juP042NYHA4/3ZpiZ58eCa3Scb2tpeWV1bT23kd/c2t7ZLeztP+goUQxqLBKRavhUg+ASashRQCNWQENfQN3v34 z8+hMozSN5j4MYvJB2Je9wRtFIjy2EZ0xLcJK1C0Wn7IxhLxJ3Sopkimq78NMKIpaEIJEJqnXTdWL0UqqQMwFZvp VoiCnr0y40DZU0BO2l44sz+9gogd2JlCmJ9lj9O5HSUOtB6JvOkGJPz3sj8T+vmWDn0ku5jBMEySaLOomwMbJH7 9sBV8BQDAyhTHFzq816VFGGJqSZLcj7L9mCcnoexCLCLG/ycufTWSS1s/JV2b1zipXraXA5ckiOSIm45IJUyC2p khphRJJX8kaG1tB6tz6sz0nrkjWdOSAzsL5+AUTFonQ=</latexit>
Mz
<latexit sha1_base64="mOtK1qun4S/YIBzy27Fl7U15MnQ=">AAACJHicbVC7TgJBFJ3FF+ILtLSZCCY2kl0s fFQkNjYmmLhCApvN7DDAhNlHZu5qYLOfYitfY2UsbPwTE2eBQsCT3OTknHtzT44XCa7ANL+M3Nr6xuZWfruws7u3f1AsHT6pMJaU2TQUoWx5RDHBA2YDB8FakWTE9wRresPbzG8+M6l4GDzCKGKOT/oB73FKQEtusYQrHZ/AwPOS+9 RNxmnFLZbNqjkFXiXWnJTRHA23+NPphjT2WQBUEKXalhmBkxAJnAqWFjqxYhGhQ9JnbU0D4jPlJNPoKT7VShf3QqknADxV/14kxFdq5Ht6M4uplr1M/M9rx9C7chIeRDGwgM4e9WKBIcRZD7jLJaMgRpoQKrnOiumASEJBt7XwBfhw nK4o5xfdSISQFnRf1nI7q8SuVa+r1kOtXL+ZF5dHx+gEnSELXaI6ukMNZCOKXtArekMTY2K8Gx/G52w1Z8xvjtACjO9fCF+lXg==</latexit><latexit sha1_base64="mOtK1qun4S/YIBzy27Fl7U15MnQ=">AAACJHicbVC7TgJBFJ3FF+ILtLSZCCY2kl0s fFQkNjYmmLhCApvN7DDAhNlHZu5qYLOfYitfY2UsbPwTE2eBQsCT3OTknHtzT44XCa7ANL+M3Nr6xuZWfruws7u3f1AsHT6pMJaU2TQUoWx5RDHBA2YDB8FakWTE9wRresPbzG8+M6l4GDzCKGKOT/oB73FKQEtusYQrHZ/AwPOS+9 RNxmnFLZbNqjkFXiXWnJTRHA23+NPphjT2WQBUEKXalhmBkxAJnAqWFjqxYhGhQ9JnbU0D4jPlJNPoKT7VShf3QqknADxV/14kxFdq5Ht6M4uplr1M/M9rx9C7chIeRDGwgM4e9WKBIcRZD7jLJaMgRpoQKrnOiumASEJBt7XwBfhw nK4o5xfdSISQFnRf1nI7q8SuVa+r1kOtXL+ZF5dHx+gEnSELXaI6ukMNZCOKXtArekMTY2K8Gx/G52w1Z8xvjtACjO9fCF+lXg==</latexit><latexit sha1_base64="mOtK1qun4S/YIBzy27Fl7U15MnQ=">AAACJHicbVC7TgJBFJ3FF+ILtLSZCCY2kl0s fFQkNjYmmLhCApvN7DDAhNlHZu5qYLOfYitfY2UsbPwTE2eBQsCT3OTknHtzT44XCa7ANL+M3Nr6xuZWfruws7u3f1AsHT6pMJaU2TQUoWx5RDHBA2YDB8FakWTE9wRresPbzG8+M6l4GDzCKGKOT/oB73FKQEtusYQrHZ/AwPOS+9 RNxmnFLZbNqjkFXiXWnJTRHA23+NPphjT2WQBUEKXalhmBkxAJnAqWFjqxYhGhQ9JnbU0D4jPlJNPoKT7VShf3QqknADxV/14kxFdq5Ht6M4uplr1M/M9rx9C7chIeRDGwgM4e9WKBIcRZD7jLJaMgRpoQKrnOiumASEJBt7XwBfhw nK4o5xfdSISQFnRf1nI7q8SuVa+r1kOtXL+ZF5dHx+gEnSELXaI6ukMNZCOKXtArekMTY2K8Gx/G52w1Z8xvjtACjO9fCF+lXg==</latexit><latexit sha1_base64="mOtK1qun4S/YIBzy27Fl7U15MnQ=">AAACJHicbVC7TgJBFJ3FF+ILtLSZCCY2kl0s fFQkNjYmmLhCApvN7DDAhNlHZu5qYLOfYitfY2UsbPwTE2eBQsCT3OTknHtzT44XCa7ANL+M3Nr6xuZWfruws7u3f1AsHT6pMJaU2TQUoWx5RDHBA2YDB8FakWTE9wRresPbzG8+M6l4GDzCKGKOT/oB73FKQEtusYQrHZ/AwPOS+9 RNxmnFLZbNqjkFXiXWnJTRHA23+NPphjT2WQBUEKXalhmBkxAJnAqWFjqxYhGhQ9JnbU0D4jPlJNPoKT7VShf3QqknADxV/14kxFdq5Ht6M4uplr1M/M9rx9C7chIeRDGwgM4e9WKBIcRZD7jLJaMgRpoQKrnOiumASEJBt7XwBfhw nK4o5xfdSISQFnRf1nI7q8SuVa+r1kOtXL+ZF5dHx+gEnSELXaI6ukMNZCOKXtArekMTY2K8Gx/G52w1Z8xvjtACjO9fCF+lXg==</latexit>
M?
<latexit sha1_base64="bBBPQSIbCx+Ysw/c6OXKL1FCEro=">AAACJ3icbVDLSgNBEOyNrxhf8YEXL4tB8GLY1YN6C3rxIiRgTCAJcXYySYbM7g4zvU Ky7L94NV/jSfQi+CGCk8fBJBY0FFXddFGeFFyj43xaqaXlldW19HpmY3Nreye7u/eow0hRVqahCFXVI5oJHrAychSsKhUjvidYxevdjvzKM1Oah8ED9iVr+KQT8DanBI3UzB7EdZ9g1/Pi+6QZ1yVTMkma2ZyTd8awF4k7JbnCYenrCQCKzexPvRXSyGcBUkG0rrmOxEZMFHIqWJKpR5pJQnukw2qGBsRnuhGP0yf2iV FadjtUZgK0x+rfi5j4Wvd9z2yOoup5byT+59UibF81Yh7ICFlAJ4/akbAxtEdV2C2uGEXRN4RQxU1Wm3aJIhRNYTNfkPcGyYJydtGSIsQkY/py59tZJOXz/HXeLZnebmCCNBzBMZyCC5dQgDsoQhkoDOAFXmFoDa036936mKymrOnNPszA+v4FGT6pkA==</latexit><latexit sha1_base64="QgFQ/R5mXcncyJeazo4OPSajfKY=">AAACJ3icbVDLSsNAFJ3UV62v+sCNm2AR3FgSXai7UjduhBaMLTShTKbTdugkGWZuhD bkX9xa8C/8AFeiG8EPEZw+Frb1wIXDOfdyD8cXnCmwrE8js7S8srqWXc9tbG5t7+R39x5UFEtCHRLxSNZ9rChnIXWAAad1ISkOfE5rfu9m5NceqVQsCu+hL6gX4E7I2oxg0FIzf5C4AYau7yd3aTNxBZUiTZv5glW0xjAXiT0lhdJh9Yu9lF8rzfyP24pIHNAQCMdKNWxLgJdgCYxwmubcWFGBSQ93aEPTEAdUeck4fW qeaKVltiOpJwRzrP69SHCgVD/w9eYoqpr3RuJ/XiOG9pWXsFDEQEMyedSOuQmROarCbDFJCfC+JphIprOapIslJqALm/kCrDdIF5Szi5bgEaQ53Zc9384icc6L10W7qnsrowmy6Agdo1Nko0tUQreoghxE0AA9oWc0NIbGm/FufExWM8b0Zh/NwPj+BbNXq0w=</latexit><latexit sha1_base64="QgFQ/R5mXcncyJeazo4OPSajfKY=">AAACJ3icbVDLSsNAFJ3UV62v+sCNm2AR3FgSXai7UjduhBaMLTShTKbTdugkGWZuhD bkX9xa8C/8AFeiG8EPEZw+Frb1wIXDOfdyD8cXnCmwrE8js7S8srqWXc9tbG5t7+R39x5UFEtCHRLxSNZ9rChnIXWAAad1ISkOfE5rfu9m5NceqVQsCu+hL6gX4E7I2oxg0FIzf5C4AYau7yd3aTNxBZUiTZv5glW0xjAXiT0lhdJh9Yu9lF8rzfyP24pIHNAQCMdKNWxLgJdgCYxwmubcWFGBSQ93aEPTEAdUeck4fW qeaKVltiOpJwRzrP69SHCgVD/w9eYoqpr3RuJ/XiOG9pWXsFDEQEMyedSOuQmROarCbDFJCfC+JphIprOapIslJqALm/kCrDdIF5Szi5bgEaQ53Zc9384icc6L10W7qnsrowmy6Agdo1Nko0tUQreoghxE0AA9oWc0NIbGm/FufExWM8b0Zh/NwPj+BbNXq0w=</latexit><latexit sha1_base64="vvXHW/iiKlDXd+F6KPG6DwHprb4=">AAACJ3icbVDLSsNAFJ3UV62v+Ni5CRbBjSXRhborunEjVDC20IQymU7boZNkmLkR2p B/cWu/xpXo0g8RnLRZ2NYDFw7n3Ms9nEBwpsC2v4zSyura+kZ5s7K1vbO7Z+4fPKs4kYS6JOaxbAVYUc4i6gIDTltCUhwGnDaD4V3uN1+oVCyOnmAkqB/ifsR6jGDQUsc8Sr0QwyAI0oesk3qCSpFlHbNq1+wprGXiFKSKCjQ65o/XjUkS0ggIx0q1HVuAn2IJjHCaVbxEUYHJEPdpW9MIh1T56TR9Zp1qpWv1YqknAm uq/r1IcajUKAz0Zh5VLXq5+J/XTqB37acsEgnQiMwe9RJuQWzlVVhdJikBPtIEE8l0VosMsMQEdGFzX4ANx9mScn7ZFTyGrKL7chbbWSbuRe2m5jza1fptUVwZHaMTdIYcdIXq6B41kIsIGqNX9IYmxsR4Nz6Mz9lqyShuDtEcjO9fOwWnqw==</latexit>
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λ/J1
B/J 1
Conical State
<latexit sha1_base64="O Q6GzaNh3mnj/OLp3brlu43S/rE=">AAACJ3icbZC/bhNBE MbnkhCMgXAJdGlWsZBosO6gAIooFm4ojYjjSLZl7a3Hzsp 7u6fdORT7dBKPQotfhJYqCiUPgsT6TxHHfNJIn34zoxl9S aakoyj6Hezs7j3Yf1h5VH385OnBs/Dw6MKZ3ApsC6OMvU y4QyU1tkmSwsvMIk8ThZ1k0lz0O1/ROmn0OU0z7Kd8rOVI Ck4eDcIXPcJrKppGe6TYF+KE5SCsRfVoKbZt4rWpnf2snn 4DgNYg/NsbGpGnqEko7lw3jjLqF9ySFArLai93mHEx4WPs eqt5iq5fLL8v2UtPhmxkrC9NbEnvbhQ8dW6aJn4y5XTl7 vcW8H+9bk6j9/1C6iwn1GJ1aJQrRoYtomBDaVGQmnrDhZX +VyauuOWCfGAbV0hOZuUWef12mClDZdXnFd9PZ9u039Q/1 OPPUa3xEVaqwDGcwCuI4R004BO0oA0CZvAdfsA8mAe/gpv gdjW6E6x3nsOGgj//AB/fqPo=</latexit><latexit sha1_base64="G 8sXsuNdndSU4jib16Zzv3K05As=">AAACJ3icbZA9SwNBE Ib3/Pb8ih+dzWIQbAx3WqiFKNpYKhoVkhD2NhNdsrd77M6 JyXH/RbDSP2Jr5UfpDxHcJBZqfGHg5ZkZZnijRAqLQfDuD Q2PjI6NT0z6U9Mzs3OF+YVzq1PDocy11OYyYhakUFBGgR IuEwMsjiRcRK3Dbv/iBowVWp1hO4FazK6UaArO0KF6YamK cIvZoVYOSXqKDCGvF4pBKeiJDprw2xT3nvzd5P7VP64XPq sNzdMYFHLJrK2EQYK1jBkUXELuV1MLCeMtdgUVZxWLwday 3vc5XXWkQZvauFJIe/TnRsZia9tx5CZjhtf2b68L/+tVU mxu1zKhkhRB8f6hZiopatqNgjaEAY6y7QzjRrhfKb9mhnF 0gf26gqLVyQfI+mYjkRpz3+UV/k1n0JQ3Sjul8CQo7h+Qv ibIMlkhayQkW2SfHJFjUiacdMgdeSCP3qP37L14b/3RIe9 7Z5H8kvfxBU52qm4=</latexit><latexit sha1_base64="G 8sXsuNdndSU4jib16Zzv3K05As=">AAACJ3icbZA9SwNBE Ib3/Pb8ih+dzWIQbAx3WqiFKNpYKhoVkhD2NhNdsrd77M6 JyXH/RbDSP2Jr5UfpDxHcJBZqfGHg5ZkZZnijRAqLQfDuD Q2PjI6NT0z6U9Mzs3OF+YVzq1PDocy11OYyYhakUFBGgR IuEwMsjiRcRK3Dbv/iBowVWp1hO4FazK6UaArO0KF6YamK cIvZoVYOSXqKDCGvF4pBKeiJDprw2xT3nvzd5P7VP64XPq sNzdMYFHLJrK2EQYK1jBkUXELuV1MLCeMtdgUVZxWLwday 3vc5XXWkQZvauFJIe/TnRsZia9tx5CZjhtf2b68L/+tVU mxu1zKhkhRB8f6hZiopatqNgjaEAY6y7QzjRrhfKb9mhnF 0gf26gqLVyQfI+mYjkRpz3+UV/k1n0JQ3Sjul8CQo7h+Qv ibIMlkhayQkW2SfHJFjUiacdMgdeSCP3qP37L14b/3RIe9 7Z5H8kvfxBU52qm4=</latexit><latexit sha1_base64="3 qsbyOw9dTIPRZ+UVUECDcYKv6I=">AAACJ3icbZDLSgNBE EV74ju+4mPnpjEIbgwzulB3QTcuFY0RkhB6OhXTpKd76K4 Rk2H+xa1+jSvRpR8i2HksTOKFgsupKqq4YSyFRd//8nJz8 wuLS8sr+dW19Y3Nwtb2vdWJ4VDhWmrzEDILUiiooEAJD7 EBFoUSqmH3ctCvPoGxQqs77MXQiNijEm3BGTrULOzWEZ4x vdTKIUlvkSFkzULRL/lD0VkTjE2RjHXdLPzUW5onESjkkl lbC/wYGykzKLiELF9PLMSMd9kj1JxVLALbSIffZ/TAkRZt a+NKIR3Svxspi6ztRaGbjBh27HRvAP/r1RJsnzVSoeIEQ fHRoXYiKWo6iIK2hAGOsucM40a4XynvMMM4usAmrqDo9rM ZcnTSiqXGLO/yCqbTmTWV49J5Kbjxi+WLcXDLZI/sk0MSk FNSJlfkmlQIJ33yQl7Jm/fmvXsf3udoNOeNd3bIhLzvX2T 2py0=</latexit>
(a)
<latexit sha1_base64=" 5O9iReoy+dZfeY2OqzW1YV07wYk=">AAACG3icbVDLTg JBEOzFF+IL9ehlAzHBGMmuHtQb0YtHTESIQMjsMMCE2 dnNTK8RN/sXXiV+jCfj1YMfY+LwOAhYSSeVqu50d3mh4 Bod59tKLS2vrK6l1zMbm1vbO9ndvXsdRIqyCg1EoGoe0 UxwySrIUbBaqBjxPcGqXv965FcfmdI8kHc4CFnTJ13J O5wSNNJDA9kTxgVylLSyeafojGEvEndK8qVc4/gNAMqt 7E+jHdDIZxKpIFrXXSfEZkwUcipYkmlEmoWE9kmX1Q2 VxGe6GY8vTuxDo7TtTqBMSbTH6t+JmPhaD3zPdPoEe3r eG4n/efUIOxfNmMswQibpZFEnEjYG9uh9u80VoygGhhC quLnVpj2iCEUT0swW5P3nZEE5OWuHIsAkY/Jy59NZJJ XT4mXRvTW5XcEEaTiAHBTAhXMowQ2UoQIUJLzAKwytof VufVifk9aUNZ3ZhxlYX7+Q/qP5</latexit><latexit sha1_base64=" zF9ODFHtI0eH1VejWouv0a8/oA8=">AAACG3icbVBNT8 JAEN36ifiFevTSQEwwRtLqQb0RvXjExAqRErJdFtiw3 W12p0Zs+i+4yq/xZLx64MeYuHwcBHzJJC/vzWRmXhBxp sFxRtbK6tr6xmZmK7u9s7u3nzs4fNIyVoR6RHKpagHWl DNBPWDAaS1SFIcBp9Wgdzf2qy9UaSbFI/Qj2ghxR7A2 IxiM9OwDfYWkiE/TZq7glJwJ7GXizkihnPfPBqNyv9LM /fgtSeKQCiAca113nQgaCVbACKdp1o81jTDp4Q6tGyp wSHUjmVyc2idGadltqUwJsCfq34kEh1r3w8B0hhi6etE bi/959Rja142EiSgGKsh0UTvmNkh7/L7dYooS4H1DMFH M3GqTLlaYgAlpbguw3lu6pJxftiIuIc2avNzFdJaJd1 G6KbkPJrdbNEUGHaM8KiIXXaEyukcV5CGCBBqgdzS0ht aH9Wl9TVtXrNnMEZqD9f0L2mSlfw==</latexit><latexit sha1_base64=" zF9ODFHtI0eH1VejWouv0a8/oA8=">AAACG3icbVBNT8 JAEN36ifiFevTSQEwwRtLqQb0RvXjExAqRErJdFtiw3 W12p0Zs+i+4yq/xZLx64MeYuHwcBHzJJC/vzWRmXhBxp sFxRtbK6tr6xmZmK7u9s7u3nzs4fNIyVoR6RHKpagHWl DNBPWDAaS1SFIcBp9Wgdzf2qy9UaSbFI/Qj2ghxR7A2 IxiM9OwDfYWkiE/TZq7glJwJ7GXizkihnPfPBqNyv9LM /fgtSeKQCiAca113nQgaCVbACKdp1o81jTDp4Q6tGyp wSHUjmVyc2idGadltqUwJsCfq34kEh1r3w8B0hhi6etE bi/959Rja142EiSgGKsh0UTvmNkh7/L7dYooS4H1DMFH M3GqTLlaYgAlpbguw3lu6pJxftiIuIc2avNzFdJaJd1 G6KbkPJrdbNEUGHaM8KiIXXaEyukcV5CGCBBqgdzS0ht aH9Wl9TVtXrNnMEZqD9f0L2mSlfw==</latexit><latexit sha1_base64=" Jsdhj93ZjhxmNCyQizedV93ZnYs=">AAACG3icbVBNT8 JAEN36ifiFevSykZjgQdLqQb0RvXjExAoRGrLdLrBhu 212p0Zs+i+8yq/xZLx68MeYuEAPAr5kkpf3ZjIzz48F1 2Db39bS8srq2npho7i5tb2zW9rbf9BRoihzaSQi1fSJZ oJL5gIHwZqxYiT0BWv4g5ux33hiSvNI3sMwZl5IepJ3 OSVgpMc2sGdIK+Qk65TKdtWeAC8SJydllKPeKf20g4gm IZNABdG65dgxeClRwKlgWbGdaBYTOiA91jJUkpBpL51 cnOFjowS4GylTEvBE/TuRklDrYeibzpBAX897Y/E/r5V A99JLuYwTYJJOF3UTgSHC4/dxwBWjIIaGEKq4uRXTPlG EgglpZgvwwUu2oJyeB7GIICuavJz5dBaJe1a9qjp3dr l2nQdXQIfoCFWQgy5QDd2iOnIRRRK9ojc0skbWu/VhfU 5bl6x85gDNwPr6BT4FonA=</latexit>
Fully Polarized
<latexit sha1_base64="Kv xBQHTYrjesIgcQ5wj5mgpcdsE=">AAACKXicbVBNSyNBEK3x M8ZVowte9NAoC14MM3pQb+LCsscEjBGSEHp6KkmTnumhu0aM 4/yZvW5+wP6OPe16EvZ3LNhJPKxmHxQ83quiql6YKmnJ9397 C4tLyyurpbXy+oeNza3K9s6N1ZkR2BBaaXMbcotKJtggSQpv U4M8DhU2w+Hnid+8Q2OlTq5plGIn5v1E9qTg5KRuZbdNeE/5 l0ypEatpxY18wKjoVg79qj8FmyfBKzm83P9RfwaAWrfytx1p kcWYkFDc2lbgp9TJuSEpFBbldmYx5WLI+9hyNOEx2k4+vb9 gn5wSsZ42rhJiU/XfiZzH1o7i0HXGnAb2vTcR/+e1Muqdd3K ZpBlhImaLeplipNkkDBZJg4Lc55Hkwkh3KxMDbrggF9mbLSS HD8WccnwapUpTUXZ5Be/TmSeNk+pFNai73K5ghhLswQEcQQB ncAlfoQYNEPAI3+A7jL2x99P75T3NWhe815mP8AbenxfXfqq C</latexit><latexit sha1_base64="6R sEJkzknyVHbnTHDhmqOeYFs4s=">AAACKXicbVDLSgNBEJz1 bXxFBS+KDAbBi2FXD+pNFMRjBGOEJITZ2Y4Omd1ZZnrFuO7R H/GqH+B3eFKvHv0GwcnjoIkFDUVVN91dfiyFQdd9d0ZGx8Yn JqemczOzc/ML+cWlC6MSzaHMlVT60mcGpIigjAIlXMYaWOhL qPit445fuQFthIrOsR1DPWRXkWgKztBKjfxKDeEW05NEyjYt Kcm0uIMga+QLbtHtgg4Tr08Kh2svZ18P6y+lRv67FiiehBAh l8yYqufGWE+ZRsElZLlaYiBmvMWuoGppxEIw9bR7f0Y3rRL QptK2IqRd9fdEykJj2qFvO0OG12bQ64j/edUEm/v1VERxghD x3qJmIikq2gmDBkIDR/t5IBjXwt5K+TXTjKON7M8WFK27bEj Z3g1iqTDL2by8wXSGSXmneFD0zmxuR6SHKbJKNsgW8cgeOSS npETKhJN78kieyLPz7Lw6b85Hr3XE6c8skz9wPn8A8H+r6A= =</latexit><latexit sha1_base64="6R sEJkzknyVHbnTHDhmqOeYFs4s=">AAACKXicbVDLSgNBEJz1 bXxFBS+KDAbBi2FXD+pNFMRjBGOEJITZ2Y4Omd1ZZnrFuO7R H/GqH+B3eFKvHv0GwcnjoIkFDUVVN91dfiyFQdd9d0ZGx8Yn JqemczOzc/ML+cWlC6MSzaHMlVT60mcGpIigjAIlXMYaWOhL qPit445fuQFthIrOsR1DPWRXkWgKztBKjfxKDeEW05NEyjYt Kcm0uIMga+QLbtHtgg4Tr08Kh2svZ18P6y+lRv67FiiehBAh l8yYqufGWE+ZRsElZLlaYiBmvMWuoGppxEIw9bR7f0Y3rRL QptK2IqRd9fdEykJj2qFvO0OG12bQ64j/edUEm/v1VERxghD x3qJmIikq2gmDBkIDR/t5IBjXwt5K+TXTjKON7M8WFK27bEj Z3g1iqTDL2by8wXSGSXmneFD0zmxuR6SHKbJKNsgW8cgeOSS npETKhJN78kieyLPz7Lw6b85Hr3XE6c8skz9wPn8A8H+r6A= =</latexit><latexit sha1_base64="/1 E6xstHxHcDvevhBHzRZ0BQXd0=">AAACKXicbVDLSgNBEJyN rxhfUcGLl8EgeDHs6kG9iYJ4jGBMIAlhdrZjhszuLDO9Ylz3 Z7yar/GkXv0OwcnjYIwFDUVVN91dfiyFQdf9cHJz8wuLS/nl wsrq2vpGcXPrzqhEc6hyJZWu+8yAFBFUUaCEeqyBhb6Emt+7 HPq1B9BGqOgW+zG0QnYfiY7gDK3ULu40ER4xvUqk7NOKkkyL JwiydrHklt0R6CzxJqREJqi0i9/NQPEkhAi5ZMY0PDfGVso0 Ci4hKzQTAzHjPXYPDUsjFoJppaP7M7pvlYB2lLYVIR2pvyd SFhrTD33bGTLsmr/eUPzPayTYOW2lIooThIiPF3USSVHRYRg 0EBo42s8DwbgW9lbKu0wzjjayqS0oek/ZjHJ4HMRSYVaweXl /05kl1aPyWdm7cUvnF5Pg8mSX7JED4pETck6uSYVUCSfP5IW 8koEzcN6cd+dz3JpzJjPbZArO1w9oMqg9</latexit>
SOS
<latexit sha1_base64="Q+0U0lefAGikX3ngNpV6l8 Vy86Q=">AAACG3icbVBNS8NAEJ34bfyqevQSLIIXS6IH9SCKXrxZqbViG8pmu61LN5uwOxFrCPgjvNpfIwji1YM /RnD7cdDWBwOP92aYmRfEgmt03S9rYnJqemZ2bt5eWFxaXsmtrl3rKFGUlWkkInUTEM0El6yMHAW7iRUjYSBYJW if9fzKPVOaR/IKOzHzQ9KSvMkpQSPd1pA9YFq6KGX1XN4tuH0448Qbkvzxm330BADFeu671ohoEjKJVBCtq54bo5 8ShZwKltm1RLOY0DZpsaqhkoRM+2n/4szZMkrDaUbKlESnr/6eSEmodScMTGdI8E6Pej3xP6+aYPPAT7mME2SSD hY1E+Fg5PTedxpcMYqiYwihiptbHXpHFKFoQvqzBXn7MRtTdvYasYgws01e3mg646S8WzgseJdu/uQUBpiDDdiE bfBgH07gHIpQBgoSnuEFulbXerXerY9B64Q1nFmHP7A+fwBp/6SA</latexit><latexit sha1_base64="4ojufyuYjgmnoL90wRs8F6 u3w+g=">AAACG3icbVBNS8NAEN34WeNX1aOXYBG8WBI9qAex6MWblVpbbEvZbDbt0s0m7E7EGvIvvNqLf0UQxKu IP0Zw+3GwrQ8GHu/NMDPPjThTYNvfxszs3PzCYmbJXF5ZXVvPbmzeqjCWhJZJyENZdbGinAlaBgacViNJceByWn E7F32/ck+lYqG4gW5EGwFuCeYzgkFLd3WgD5CUrkppM5uz8/YA1jRxRiR39maeRi9fZrGZ/al7IYkDKoBwrFTNsS NoJFgCI5ymZj1WNMKkg1u0pqnAAVWNZHBxau1qxbP8UOoSYA3UvxMJDpTqBq7uDDC01aTXF//zajH4x42EiSgGK shwkR9zC0Kr/77lMUkJ8K4mmEimb7VIG0tMQIc0tgVY5zGdUvYPvYiHkJo6L2cynWlSPsif5J1rO1c4R0Nk0Dba QXvIQUeogC5REZURQQI9oWfUM3rGq/FufAxbZ4zRzBYag/H5C5iWpfQ=</latexit><latexit sha1_base64="4ojufyuYjgmnoL90wRs8F6 u3w+g=">AAACG3icbVBNS8NAEN34WeNX1aOXYBG8WBI9qAex6MWblVpbbEvZbDbt0s0m7E7EGvIvvNqLf0UQxKu IP0Zw+3GwrQ8GHu/NMDPPjThTYNvfxszs3PzCYmbJXF5ZXVvPbmzeqjCWhJZJyENZdbGinAlaBgacViNJceByWn E7F32/ck+lYqG4gW5EGwFuCeYzgkFLd3WgD5CUrkppM5uz8/YA1jRxRiR39maeRi9fZrGZ/al7IYkDKoBwrFTNsS NoJFgCI5ymZj1WNMKkg1u0pqnAAVWNZHBxau1qxbP8UOoSYA3UvxMJDpTqBq7uDDC01aTXF//zajH4x42EiSgGK shwkR9zC0Kr/77lMUkJ8K4mmEimb7VIG0tMQIc0tgVY5zGdUvYPvYiHkJo6L2cynWlSPsif5J1rO1c4R0Nk0Dba QXvIQUeogC5REZURQQI9oWfUM3rGq/FufAxbZ4zRzBYag/H5C5iWpfQ=</latexit><latexit sha1_base64="SAPvm1VgQ76R2j6ah8mamu 6OGok=">AAACG3icbVBNT8JAEN3iF+IX6tFLIzHxImn1oN6IXryJwQoRGrLdbmHDdtvsTo3Y9F94lV/jyXj14I8 xcYEeBHzJJC/vzWRmnhdzpsCyvo3C0vLK6lpxvbSxubW9U97de1BRIgl1SMQj2fKwopwJ6gADTluxpDj0OG16g+ ux33yiUrFI3MMwpm6Ie4IFjGDQ0mMH6DOkjdtG1i1XrKo1gblI7JxUUI56t/zT8SOShFQA4Viptm3F4KZYAiOcZq VOomiMyQD3aFtTgUOq3HRycWYeacU3g0jqEmBO1L8TKQ6VGoae7gwx9NW8Nxb/89oJBBduykScABVkuihIuAmRO X7f9JmkBPhQE0wk07eapI8lJqBDmtkCbPCSLSgnZ37MI8hKOi97Pp1F4pxWL6v2nVWpXeXBFdEBOkTHyEbnqIZu UB05iCCBXtEbGhkj4934MD6nrQUjn9lHMzC+fgGvFqKz</latexit>
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FIG. 3. (Color online.) The left panel is the phase diagram
under external magnetic fields. We have fixed J2/J1 = 1/4
in the plot. Here, “SOS” refers to spin-orbital singlet. There
is a region that supports re-entrant transitions between the
conical state and the SOS state as the field is varied. The right
panel depicts the magnetization curves for λ/J1 = 0, 2, 4, 6
from top to bottom.
adapted as
rj ∈ I, 〈Sj〉 =M⊥Re
[
(xˆ− iyˆ)eiq·rj ]+Mz zˆ, (14)
rj ∈ II, 〈Sj〉 =M⊥Re
[
(xˆ− iyˆ)ei(q·rj+φq)]+Mz zˆ,
(15)
where M⊥ and Mz are determined self-consistently from
the mean-field Hamiltonian H ′MFT and represent the
magnetizations on the xy plane and along the z axis,
respectively.
In Fig. 3, we depict the phase diagram of H ′MFT for
a fixed J2/J1. The response to external magnetic field
varies for different strength of the SOC, and more pre-
cisely, differs significantly for the initial state of the sys-
tem at the zero field, and thus provides a characterization
of the ground state. In the limit λ→ 0, H ′MFT reduces to
Hex +HZeeman. From the initial spiral order, our mean-
field theory yields M⊥ = [1−
(
B/J˜
)2
]
1
2 and Mz = B/J˜
when B < J˜ , where
J˜ ≡
{
4J1, for J2/J1 < 1/8,
J21/(8J2) + 8J2 + 2J1, for J2/J1 > 1/8.
(16)
The system is fully polarized when B > J˜ (see Fig. 3(a)
and (b)).
Switching on SOC but keeping λ lower than the criti-
cal value at the zero field such that the ground state has
the spiral order, we find that the magnetization curve
differs from the limit with λ→ 0. A small magnetic
field brings down one of the J = 1 triplet states and
thus enhances the spiral magnetization component M⊥
that would be suppressed by SOC, and at same time
brings a linear growth of the out-of-plane magnetization
Mz. As the field is further increased, the system enters a
fully polarized state (see Fig. 3(c)), and M⊥ is then sup-
pressed. This explains the left part of the phase diagram
in Fig. 3(a), where the coexisting region of M⊥ and Mz
is dubbed “conical state”.
When the strength of SOC is greater than the critical
value, the mean-field ground state at the zero field is
a spin-orbital singlet. The polarized moment Mz still
grows linearly as the magnetic field is switched on, while
a nonzero M⊥ only emerges at a critical field and shows
a double-dome structure (see Fig. 3(d)). For an even
stronger SOC, the M⊥ curve evolves into two separated
domes, as shown in Fig. 3(e). This is what happens in
the right part of the phase diagram in Fig. 3(a), where
the system shows re-entrant transitions between the SOS
and the conical state before being fully polarized when
the field is very strong.
The peculiar double-dome structure of the magneti-
zation and the re-entrant transitions under the magnetic
field are intimately connected to the spin-orbit-entangled
structure of the local moments. Let us consider the
strong SOC limit where the single-ion ground state of
the local moment is a spin-orbital singlet with a total
moment J = 0. Due to different g factors for the or-
bital angular momentum and spin, HZeeman conserves J
z
while mixing states with different J ’s. This gives a di-
rect consequence that the Jz = 0 singlet state can gain
energy from the growth of Mz when the magnetic field
is switched on [6]. As the magnetic field increases, it
brings down a Jz = 1 state from the triplets and a Jz = 2
state from the higher quintuplets successively. Thus, the
single-ion ground state level crossing happens twice, and
the crossing points expand into to finite ranges due to the
bandwidth brought by the exchange interaction, corre-
sponding to the double-dome structure in the M⊥ curve,
which fuse together for large enough exchange interac-
tion. This explains the structure of the magnetic phase
diagram in Fig. 3(a).
It is illuminating to compare our results to that for the
dimerized magnets. For S = 1/2 dimerized magnets, the
field could drive a Bose-Einstein condensation of triplons
from the dimerized ground state [29], and the transition
occurs at the point where the energy gap of the triplon is
closed. Due to the local moment structure of the dimer
with only singlet and triplets, there is only one dome
in the M⊥ curve, and the ground state level crossing
only happens once. For S = 1 dimerized magnets, the
scenario is more similar to results here due to the ex-
istence of higher quintuplets, and one could expect the
same double-dome structure in the M⊥ curve. On the
other hand, for both S = 1/2 and S = 1 dimerized mag-
nets, since the magnetic field couples to the spins only,
the Zeeman term conserves both Sztot and Stot on each
dimer. This implies thatMz grows only within the domes
in the M⊥ curve, and becomes plateaus out of that [29–
5tetrahedral environment octahedral environment
TABLE I. The correspondence between different electron con-
figurations in the tetrahedral and octahedral environments.
The second row indicates the possibility of exploring physics
similar to iridates and Kitaev physics [1, 34] in d9 materi-
als [35].
32], which differs from results here.
The field response of our model is also quite different
from that of FeSc2S4, where the magnetic order will be
suppressed by applying the magnetic field, indicating a
different entangled structure of the spin and the orbital
degrees of freedom [3, 4]. All the three cases can be natu-
rally understood from the evolution of the single-ion level
scheme under the magnetic field that are summarized in
the Supplementary material [27]. From our simple com-
parison, we immediately conclude that the double-dome
structure in theM⊥ curve and the re-entrant transitions,
together with the growth behavior of the magnetization
Mz, reflect the unique entangled structure of the spin and
the orbitals in Hsoc.
Uniaxial strain.—We introduce the perturbation from
the uniaxial strain that is modeled by HUni =
−U∑i(Lzi )2. This term captures the low-temperature
tetragonal distortion of NiRh2O4 [16, 33] that modifies
the tetrahedral crystal field of the Ni2+ ion in Fig. 1. This
distortion, however, preserves the two-fold degeneracy of
the xz and yz orbitals [23]. Within our mean-field the-
ory, we find the critical strength of SOC is raised by U/3
compared to the one without the uniaxial strain, i.e. the
magnetic order is enhanced (see details in Supplementary
materials [27]).
Discussion.—In summary, we propose a simple spin-
orbital model for the diamond lattice antiferromagnet
NiRh2O4 and related systems, capturing the competition
between the atomic SOC and the exchange interaction.
We point out that this competition leads to a quantum
criticality between the spin-orbital singlet and the mag-
netic ordered states. We further study the unique re-
sponse behavior of our model to the magnetic field and
the perturbation effect from the uniaxial strain.
The material NiRh2O4 shows a Rln 6 magnetic entropy
that is greater than the pure spin-1 moments [16], indi-
cating the presence of additional (two-fold) orbital de-
grees of freedom. This was suggested to arise from the
residual degeneracy of the xz and yz orbitals in the pres-
ence of the tetragonal distortion [23]. Since this is the
orbital degeneracy in the t2g manifold, the atomic SOC
is active at the linear order. The tetragonal distortion
was then included on top of the SOC and the exchange
interactions. We expect our model to qualitatively de-
scribe the properties of the material and that the general
physics revealed by this model is relevant to other similar
materials. Due to the absence of obvious magnetic or-
ders, the material is probably located on the spin-orbital
singlet side. Various experimental probes can be use-
ful to study the effect of spin-orbital entanglement and
can probably drive the system to quantum criticality via
pressures. The magnetic excitations in the SOS and the
critical behaviors near the quantum criticality are de-
tectable through the usual spectroscopic and thermody-
namic measurements. The Higgs mode (or amplitude
mode) is one of the characteristic properties associated
with the criticality in our model, and can thus be probed
by inelastic neutron scattering near the criticality but on
the ordered side. This has actually been previously stud-
ied in dimerized magnet TlCuCl3 [36, 37] and the quasi-
two-dimensional antiferromagnet CaRu2O4 [38]. From
the SOS side, one could use INS to detect the magnetic
field dependence of the excitations, as it was performed
for the powder sample of FeSc2S4 [6]. A completely op-
posite tendency, however, is expected for NiRh2O4.
The atomic SOC acts quite similarly for the Ni2+ in
the tetrahedral environment and the 4d4/5d4 electron
configuration in the octahedral environment. From this
observation, we list the correspondence between the elec-
tron configurations under these two crystal field environ-
ments in Table. I. This list can be further expanded with
more examples. This correspondence immediately sug-
gests some of the physics on one side may be extended to
the other side. For instance, doping-induced ferromag-
netism and unconventional superconductivity were pro-
posed for the doped d4 systems such as CaRu2O4 [18, 39].
Without much creativity, one may think such phenom-
ena could be relevant for the doped d8 materials with the
tetrahedral crystal field environments.
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I. DETAILS ON FLAVOR-WAVE APPROACH
In this section we describe the flavor-wave approach to
the diamond lattice system
H =
∑
〈ij〉
J1 Si · Sj +
∑
〈〈ij〉〉
J2 Si · Sj + λ
∑
i
Li · Si,
(17)
with S = 1 and L = 1. In this approach, one starts from
the spin-orbital singlet side, i.e. the large λ limit, and
studies its excitations and instability. Consider the low-
energy space on each site consisting of the J = 0 singlet
and the J = 1 triplets, and project out the J = 2 quin-
tuplets, we introduce four flavors of bosons si, tix, tiy, tiz
on each site i that are defined as
s†i |0〉 ≡ |0, 0〉i , (18)
t†ix |0〉 ≡
i√
2
(|1, 1〉i − |1,−1〉i) , (19)
t†iy |0〉 ≡
1√
2
(|1, 1〉i + |1,−1〉i) , (20)
t†iz |0〉 ≡ −i |1, 0〉i , (21)
where the states are labeled |J, Jz〉 and |0〉 is the
vacuum state. A local Hilbert space constraint
s†isi +
∑
α t
†
iαtiα = 1 is imposed with α = x, y, z. The
original spin and orbital operators are then represented
as
Sxi = Ψ
†
i

0 −i
√
2
3 0 0
i
√
2
3 0 0 0
0 0 0 − i2
0 0 i2 0
Ψi , (22)
Syi = Ψ
†
i

0 0 −i
√
2
3 0
0 0 0 i2
i
√
2
3 0 0 0
0 − i2 0 0
Ψi , (23)
Szi = Ψ
†
i

0 0 0 −i
√
2
3
0 0 − i2 0
0 i2 0 0
i
√
2
3 0 0 0
Ψi , (24)
and
Li · Si = Ψ†i

−2 0 0 0
0 −1 0 0
0 0 −1 0
0 0 0 −1
Ψi , (25)
(Lzi )
2 = Ψ†i

2
3 0 0 0
0 12 0 0
0 0 12 0
0 0 0 1
Ψi , (26)
with Ψi = (si, tix, tiy, tiz)
T
.
In the spin-orbital singlet phase, the singlet boson si is
condensed with 〈si〉 ≡ s 6= 0 and one can further require
s→
[
1− 1
N
∑
iα
t†iαtiα
] 1
2 ≈ 1− 1
2N
∑
iα
t†iαtiα, (27)
which takes the local Hilbert space constraint into ac-
count. Here N is the number of sites.
With the above reformulation of the spin variables, we
keep terms up to the second order and obtain a flavor-
8wave mean-field Hamiltonian for the triplet excitations,
HfMF =
∑
〈ij〉,α
2J1
3
(
t†iαtjα + t
†
iαt
†
jα + h.c.
)
+
∑
〈〈ij〉〉,α
2J2
3
(
t†iαtjα + t
†
iαt
†
jα + h.c.
)
+ λ
∑
iα
t†iαtiα. (28)
The triplon excitation can be readily found as
ω±(q) = λ
1
2 (λ+ 4J±q /3)
1
2 , (29)
with J±q ≡ J2
∑
bi
eiq·bi ± J1
∣∣∑
ai
eiq·ai
∣∣, and {ai}
({bi}) refer to the first (second) neighbor vectors. Both
ω±(q) are three-fold degenerate and the minimum of
ω−(q) is determined by minimizing J−q . For J2/J1 < 1/8,
a single minimum is realized at the Γ point, and for
J2/J1 > 1/8, the minima are extensively degenerate and
realized on the “spiral surface”.
For the diamond lattice, the first neighbor vectors {ai}
are
{
1
4 [111],
1
4 [11¯1¯],
1
4 [1¯11¯],
1
4 [1¯1¯1]
}
and three FCC lattice
vectors are 12 [011],
1
2 [101] and
1
2 [110], then
J±q =4J2Λ (q)± 2J1
√
Λ (q) + 1, (30)
with
Λ (q) = cos
(qx
2
)
cos
(qy
2
)
+ cos
(qx
2
)
cos
(qz
2
)
+ cos
(qy
2
)
cos
(qz
2
)
. (31)
The spiral surface is given by
Λ (q) =
J21
16J22
− 1. (32)
II. EFFECT OF UNIAXIAL STRAIN
With the uniaxial strain term
HUni = −
∑
i
U(Lzi )
2, (33)
the flavor-wave mean-filed Hamiltonian becomes
H ′fMF = HfMF +
∑
iα
U
6
t†iαtiα −
∑
i
U
2
t†iztiz. (34)
The uniaxial strain lowers the energy of the ti,z mode
and splits the three-fold degeneracy. The dispersion of
the triplon excitation now reads
ω±z (q) = (λ− U/3)
1
2 (λ− U/3 + 4J±q /3)
1
2 , (35)
ω±xy(q) = (λ+ U/6)
1
2 (λ+ U/6 + 4J±q /3)
1
2 , (36)
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FIG. 4. (Color online.) The phase diagram with uniaxial
strain U/J1 = 0.5. The Ne´elz phase indicates that the Ne´el
order is along the z axis. For comparison, the red (dashed)
line gives the original boundary between the SOS and the
magnetic ordered phases when U/J1 = 0.
where ω±z (q) are not degenerate and ω
±
xy(q) are two-fold
degenerate.
The triplon gap is closed at a critical SOC and the
effect of U term is to raise the critical strength of SOC
by U/3, i.e. to enhance the magnetic order, see Fig. 4.
For J2/J1 < 1/8, Ne´el order along the z axis is stabilized
from condensing ω−z (q) at Γ point. For J2/J1 > 1/8, the
minima are realized on the “spiral surface” and generally
the critical modes prefer a magnetic order with nonuni-
form magnitude on each site. We dub this ordered region
”spiral state” in Fig. 4.
III. RESPONSE BEHAVIOR TO MAGNETIC
FIELD
In this section, we discuss the response behavior to
magnetic field of (1) our simplified model for NiRh2O4,
(2) the spin S = 2 diamond lattice antiferromagnet
FeSc2S4, (3) spin-1/2 and spin-1 dimerized magnets.
For each system, the Hamiltonian can be separated
into the single-ion part H0 and the exchange part Hex
(for dimerized magnets [36], the building block is the
spin dimer with two spin-1/2 moments, H0 is the iso-
lated dimer part and Hex should be understood as inter-
dimer exchange interactions). Whether the initial state
of the system at the zero field is a non-magnetic state or
a magnetic ordered state depends on the strength of Hex.
When Hex is small, in all three cases the system starts
from the non-magnetic singlet side and finally becomes
fully polarized. The response behavior is directly related
to the single-ion energy level scheme evolution under the
magnetic field, as we show in Fig. 5.
As in main text, we assume that the magnetic field is
applied along the zˆ direction, and 〈Si〉 = M⊥nˆi +Mz zˆ,
where nˆi is a unit vector on the xy plane. SoM⊥ andMz
represent the magnetizations on the xy plane and along
9J = 0
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J = 1
<latexit sha1_base64="xy5sMql2HP3ke RtdTGUoJSlTk58=">AAACFHicbVDLSgNBEOyNr7i+oh69LAbBi2FXD+ohGPQiniIaE0i WMDuZJENmH8z0CnFZ8Ae8mq/xJOLNux8jOHkcTGJBQ1HVTXeXFwmu0La/jczC4tLySnbV XFvf2NzKbe88qDCWlFVoKEJZ84higgesghwFq0WSEd8TrOr1roZ+9ZFJxcPgHvsRc33S CXibU4JaurspOs1c3i7YI1jzxJmQ/MWnWXwGgHIz99NohTT2WYBUEKXqjh2hmxCJnAqWm o1YsYjQHumwuqYB8Zlyk9GpqXWglZbVDqWuAK2R+nciIb5Sfd/TnT7Brpr1huJ/Xj3G9 pmb8CCKkQV0vKgdCwtDa/i31eKSURR9TQiVXN9q0S6RhKJOZ2oL8t5TOqccnbQiEWJq6 ryc2XTmSeW4cF5wbu186RLGyMIe7MMhOHAKJbiGMlSAQgde4BUGxsB4M96Nj3FrxpjM7M IUjK9fucKg5A==</latexit><latexit sha1_base64="aZR3X/jhgKqFM Ramm9qHpa2zsJc=">AAACFHicbVDLSsNAFJ34rPFVdekmWAQ3lkQX6qJYdCOuKhpbaEO ZTKbt0EkyzNwINeQT3NoP8DtcibhzK36M4PSxsK0HLhzOuZd77/EFZwps+9uYm19YXFrO rZira+sbm/mt7XsVJ5JQl8Q8ljUfK8pZRF1gwGlNSIpDn9Oq370c+NUHKhWLozvoCeqF uB2xFiMYtHR7XXKa+YJdtIewZokzJoXzD7MkXr7MSjP/0whikoQ0AsKxUnXHFuClWAIjn GZmI1FUYNLFbVrXNMIhVV46PDWz9rUSWK1Y6orAGqp/J1IcKtULfd0ZYuioaW8g/ufVE 2ideimLRAI0IqNFrYRbEFuDv62ASUqA9zTBRDJ9q0U6WGICOp2JLcC6j9mMcngcCB5DZ uq8nOl0Zol7VDwrOjd2oXyBRsihXbSHDpCDTlAZXaEKchFBbfSEnlHf6BuvxpvxPmqdM8 YzO2gCxucv6FmiWA==</latexit><latexit sha1_base64="aZR3X/jhgKqFM Ramm9qHpa2zsJc=">AAACFHicbVDLSsNAFJ34rPFVdekmWAQ3lkQX6qJYdCOuKhpbaEO ZTKbt0EkyzNwINeQT3NoP8DtcibhzK36M4PSxsK0HLhzOuZd77/EFZwps+9uYm19YXFrO rZira+sbm/mt7XsVJ5JQl8Q8ljUfK8pZRF1gwGlNSIpDn9Oq370c+NUHKhWLozvoCeqF uB2xFiMYtHR7XXKa+YJdtIewZokzJoXzD7MkXr7MSjP/0whikoQ0AsKxUnXHFuClWAIjn GZmI1FUYNLFbVrXNMIhVV46PDWz9rUSWK1Y6orAGqp/J1IcKtULfd0ZYuioaW8g/ufVE 2ideimLRAI0IqNFrYRbEFuDv62ASUqA9zTBRDJ9q0U6WGICOp2JLcC6j9mMcngcCB5DZ uq8nOl0Zol7VDwrOjd2oXyBRsihXbSHDpCDTlAZXaEKchFBbfSEnlHf6BuvxpvxPmqdM8 YzO2gCxucv6FmiWA==</latexit><latexit sha1_base64="zaVL/zTKSQ3g9 jvBfuisGSXQYmQ=">AAACFHicbVBNS8NAEN3Ur1q/qh69BIvgxZLoQT0IRS/iqaKxhTa UzWbbLt3sht2JUEN+glf7azyJV+/+GMFtm4NtfTDweG+GmXlBzJkGx/m2CkvLK6trxfXS xubW9k55d+9Jy0QR6hHJpWoGWFPOBPWAAafNWFEcBZw2gsHN2G88U6WZFI8wjKkf4Z5g XUYwGOnh7srtlCtO1ZnAXiRuTiooR71T/mmHkiQRFUA41rrlOjH4KVbACKdZqZ1oGmMyw D3aMlTgiGo/nZya2UdGCe2uVKYE2BP170SKI62HUWA6Iwx9Pe+Nxf+8VgLdCz9lIk6AC jJd1E24DdIe/22HTFECfGgIJoqZW23SxwoTMOnMbAE2eMkWlJOzMOYSspLJy51PZ5F4p 9XLqnvvVGrXeXBFdIAO0TFy0TmqoVtURx4iqIde0RsaWSPr3fqwPqetBSuf2UczsL5+Af 7Znxc=</latexit>
J = 2
<latexit sha1_base64="yz1zTnevevRc/ +Tc5w6ZALaknvs=">AAACFHicbVDLSgNBEOyNr7i+oh69DAbBi2E3HtRDMOhFPEU0RkhC mJ1MkiGzD2Z6hRgW/AGv5ms8iXjz7scITh4Hk1jQUFR1093lRVJodJxvK7WwuLS8kl6119 Y3Nrcy2zv3OowV42UWylA9eFRzKQJeRoGSP0SKU9+TvOJ1L4d+5ZErLcLgDnsRr/u0HYi WYBSNdHtdyDcyWSfnjEDmiTsh2fNPu/AMAKVG5qfWDFns8wCZpFpXXSfCep8qFEzyxK7F mkeUdWmbVw0NqM91vT86NSEHRmmSVqhMBUhG6t+JPvW17vme6fQpdvSsNxT/86oxtk7rf RFEMfKAjRe1YkkwJMO/SVMozlD2DKFMCXMrYR2qKEOTztQWFN2nZE45Om5GMsTENnm5s+n Mk3I+d5Zzb5xs8QLGSMMe7MMhuHACRbiCEpSBQRte4BUG1sB6s96tj3FryprM7MIUrK9f u3Cg5Q==</latexit><latexit sha1_base64="cAS7UP3T8JBcd cJDKk3GwHr3FIY=">AAACFHicbVDLSsNAFJ3UV42vqks3wSK4sSR1oS6KRTfiqqKxhTaU yWTSDp08mLkRasgnuLUf4He4EnHnVvwYweljYVsPXDiccy/33uPGnEkwzW8tt7C4tLySX9 XX1jc2twrbO/cySgShNol4JBoulpSzkNrAgNNGLCgOXE7rbu9y6NcfqJAsCu+gH1MnwJ2 Q+YxgUNLtdaXcLhTNkjmCMU+sCSmef+iV+OVLr7ULPy0vIklAQyAcS9m0zBicFAtghNNM byWSxpj0cIc2FQ1xQKWTjk7NjAOleIYfCVUhGCP170SKAyn7gas6AwxdOesNxf+8ZgL+q ZOyME6AhmS8yE+4AZEx/NvwmKAEeF8RTARTtxqkiwUmoNKZ2gKs95jNKUfHXswjyHSVlzW bzjyxy6WzknVjFqsXaIw82kP76BBZ6ARV0RWqIRsR1EFP6BkNtIH2qr1p7+PWnDaZ2UVT 0D5/AeoHolk=</latexit><latexit sha1_base64="cAS7UP3T8JBcd cJDKk3GwHr3FIY=">AAACFHicbVDLSsNAFJ3UV42vqks3wSK4sSR1oS6KRTfiqqKxhTaU yWTSDp08mLkRasgnuLUf4He4EnHnVvwYweljYVsPXDiccy/33uPGnEkwzW8tt7C4tLySX9 XX1jc2twrbO/cySgShNol4JBoulpSzkNrAgNNGLCgOXE7rbu9y6NcfqJAsCu+gH1MnwJ2 Q+YxgUNLtdaXcLhTNkjmCMU+sCSmef+iV+OVLr7ULPy0vIklAQyAcS9m0zBicFAtghNNM byWSxpj0cIc2FQ1xQKWTjk7NjAOleIYfCVUhGCP170SKAyn7gas6AwxdOesNxf+8ZgL+q ZOyME6AhmS8yE+4AZEx/NvwmKAEeF8RTARTtxqkiwUmoNKZ2gKs95jNKUfHXswjyHSVlzW bzjyxy6WzknVjFqsXaIw82kP76BBZ6ARV0RWqIRsR1EFP6BkNtIH2qr1p7+PWnDaZ2UVT 0D5/AeoHolk=</latexit><latexit sha1_base64="St28Jv/So4CjQ gMfySmPWTi4lqY=">AAACFHicbVBNS8NAEN34WetX1aOXYBG8WJJ6UA9C0Yt4qmhsoQ1l s9m2Sze7YXci1JCf4NX+Gk/i1bs/RnDb5mBbHww83pthZl4Qc6bBcb6tpeWV1bX1wkZxc2 t7Z7e0t/+kZaII9YjkUjUDrClngnrAgNNmrCiOAk4bweBm7DeeqdJMikcYxtSPcE+wLiM YjPRwd1XtlMpOxZnAXiRuTsooR71T+mmHkiQRFUA41rrlOjH4KVbACKdZsZ1oGmMywD3a MlTgiGo/nZya2cdGCe2uVKYE2BP170SKI62HUWA6Iwx9Pe+Nxf+8VgLdCz9lIk6ACjJd1 E24DdIe/22HTFECfGgIJoqZW23SxwoTMOnMbAE2eMkWlNOzMOYSsqLJy51PZ5F41cplxb1 3yrXrPLgCOkRH6AS56BzV0C2qIw8R1EOv6A2NrJH1bn1Yn9PWJSufOUAzsL5+AQCWnxg= </latexit>
E
B
FeSc2S4
<latexit sha1_base64="lonwrI2c9W+cE9Rhk7 2wlxWiLKg=">AAACJ3icbVDLSgNBEJz1GeMrPm5eFhPBi2E3CuotKIjHSIwJJGGZnXSSIbMPZnrFZN l/8Wq+xpPo0Q8RnDwOJrGgoajqpppyQ8EVWtaXsbS8srq2ntpIb25t7+xm9vafVBBJBhUWiEDWXKpAc B8qyFFALZRAPVdA1e3djvzqM0jFA/8R+yE0PdrxeZszilpyMocNhBeM76DMck4hV845F7nEyWStvDW GuUjsKcmSKUpO5qfRCljkgY9MUKXqthViM6YSOROQpBuRgpCyHu1AXVOfeqCa8fj7xDzRSstsB1KPj +ZY/XsRU0+pvufqTY9iV817I/E/rx5h+6oZcz+MEHw2CWpHwsTAHFVhtrgEhqKvCWWS619N1qWSMtSF zaQg7w2SBeXsvBWKAJO07sueb2eRVAr567z9UMgWb6bFpcgROSanxCaXpEjuSYlUCCMD8kreyNAYGu /Gh/E5WV0ypjcHZAbG9y/wa6W9</latexit><latexit sha1_base64="lonwrI2c9W+cE9Rhk7 2wlxWiLKg=">AAACJ3icbVDLSgNBEJz1GeMrPm5eFhPBi2E3CuotKIjHSIwJJGGZnXSSIbMPZnrFZN l/8Wq+xpPo0Q8RnDwOJrGgoajqpppyQ8EVWtaXsbS8srq2ntpIb25t7+xm9vafVBBJBhUWiEDWXKpAc B8qyFFALZRAPVdA1e3djvzqM0jFA/8R+yE0PdrxeZszilpyMocNhBeM76DMck4hV845F7nEyWStvDW GuUjsKcmSKUpO5qfRCljkgY9MUKXqthViM6YSOROQpBuRgpCyHu1AXVOfeqCa8fj7xDzRSstsB1KPj +ZY/XsRU0+pvufqTY9iV817I/E/rx5h+6oZcz+MEHw2CWpHwsTAHFVhtrgEhqKvCWWS619N1qWSMtSF zaQg7w2SBeXsvBWKAJO07sueb2eRVAr567z9UMgWb6bFpcgROSanxCaXpEjuSYlUCCMD8kreyNAYGu /Gh/E5WV0ypjcHZAbG9y/wa6W9</latexit><latexit sha1_base64="lonwrI2c9W+cE9Rhk7 2wlxWiLKg=">AAACJ3icbVDLSgNBEJz1GeMrPm5eFhPBi2E3CuotKIjHSIwJJGGZnXSSIbMPZnrFZN l/8Wq+xpPo0Q8RnDwOJrGgoajqpppyQ8EVWtaXsbS8srq2ntpIb25t7+xm9vafVBBJBhUWiEDWXKpAc B8qyFFALZRAPVdA1e3djvzqM0jFA/8R+yE0PdrxeZszilpyMocNhBeM76DMck4hV845F7nEyWStvDW GuUjsKcmSKUpO5qfRCljkgY9MUKXqthViM6YSOROQpBuRgpCyHu1AXVOfeqCa8fj7xDzRSstsB1KPj +ZY/XsRU0+pvufqTY9iV817I/E/rx5h+6oZcz+MEHw2CWpHwsTAHFVhtrgEhqKvCWWS619N1qWSMtSF zaQg7w2SBeXsvBWKAJO07sueb2eRVAr567z9UMgWb6bFpcgROSanxCaXpEjuSYlUCCMD8kreyNAYGu /Gh/E5WV0ypjcHZAbG9y/wa6W9</latexit><latexit sha1_base64="lonwrI2c9W+cE9Rhk7 2wlxWiLKg=">AAACJ3icbVDLSgNBEJz1GeMrPm5eFhPBi2E3CuotKIjHSIwJJGGZnXSSIbMPZnrFZN l/8Wq+xpPo0Q8RnDwOJrGgoajqpppyQ8EVWtaXsbS8srq2ntpIb25t7+xm9vafVBBJBhUWiEDWXKpAc B8qyFFALZRAPVdA1e3djvzqM0jFA/8R+yE0PdrxeZszilpyMocNhBeM76DMck4hV845F7nEyWStvDW GuUjsKcmSKUpO5qfRCljkgY9MUKXqthViM6YSOROQpBuRgpCyHu1AXVOfeqCa8fj7xDzRSstsB1KPj +ZY/XsRU0+pvufqTY9iV817I/E/rx5h+6oZcz+MEHw2CWpHwsTAHFVhtrgEhqKvCWWS619N1qWSMtSF zaQg7w2SBeXsvBWKAJO07sueb2eRVAr567z9UMgWb6bFpcgROSanxCaXpEjuSYlUCCMD8kreyNAYGu /Gh/E5WV0ypjcHZAbG9y/wa6W9</latexit>
S=1/2 dimer
<latexit sha1_base64="9XhyYaj5uE6nXfoB/+87ZI4XhFI=">AAACJXicbVDLSgNBEOyNrxhfa zx6WQyCIMZdPagHQfTiUdEYIQlhdtKJQ2YfzPSKcdlfEW/6NZ5E8OSXCE4eB2MsaCiquunu8mMpNLnup5Wbmp6ZncvPFxYWl5ZX7NXijY4SxbHCIxmpW59plCLECgmSeBsrZIEvsep3z/p+9R6VFlF4Tb0 YGwHrhKItOCMjNe1infCB0qtjb3fPaYkAVda0S27ZHcCZJN6IlE426tvPAHDRtL/rrYgnAYbEJdO65rkxNVKmSHCJWaGeaIwZ77IO1gwNWYC6kQ5uz5xNo7ScdqRMheQM1N8TKQu07gW+6QwY3em/Xl/8 z6sl1D5spCKME8KQDxe1E+lQ5PSDMM8q5CR7hjCuhLnV4XdMMU4mrrEtJLqP2YSys9+KZURZweTl/U1nklT2ykdl79LkdgpD5GEdNmALPDiAEziHC6gAhwd4ghd4tV6tN+vd+hi25qzRzBqMwfr6AccAp xs=</latexit><latexit sha1_base64="WLxGSjPDFS00S+n5IFf6UY5cLtk=">AAACJXicbVBNSwJRFH1jX2ZfZ ss2gxIEkc3YoloEUpuWRpmCirx5XvXhmw/euxPaMP+iddv8Na0icNUvCXp+LFI7cOFwzr3ce48TCK7QskZGYmV1bX0juZna2t7Z3UvvZ56UH0oGZeYLX1YdqkBwD8rIUUA1kEBdR0DF6d2O/cozSMV97xE HATRc2vF4mzOKWmqmM3WEPkYP1/ZZwWxxF2TcTOesvDWBuUzsGckVs/WT11FxUGqmf+otn4UueMgEVapmWwE2IiqRMwFxqh4qCCjr0Q7UNPWoC6oRTW6PzSOttMy2L3V5aE7UvxMRdZUauI7udCl21aI3 Fv/zaiG2LxsR94IQwWPTRe1QmOib4yD0sxIYioEmlEmubzVZl0rKUMc1twV57yVeUk7PW4HwMU7pvOzFdJZJuZC/ytv3OrcbMkWSHJIsOSY2uSBFckdKpEwY6ZM38k6GxtD4MD6Nr2lrwpjNHJA5GN+/E HWooQ==</latexit><latexit sha1_base64="WLxGSjPDFS00S+n5IFf6UY5cLtk=">AAACJXicbVBNSwJRFH1jX2ZfZ ss2gxIEkc3YoloEUpuWRpmCirx5XvXhmw/euxPaMP+iddv8Na0icNUvCXp+LFI7cOFwzr3ce48TCK7QskZGYmV1bX0juZna2t7Z3UvvZ56UH0oGZeYLX1YdqkBwD8rIUUA1kEBdR0DF6d2O/cozSMV97xE HATRc2vF4mzOKWmqmM3WEPkYP1/ZZwWxxF2TcTOesvDWBuUzsGckVs/WT11FxUGqmf+otn4UueMgEVapmWwE2IiqRMwFxqh4qCCjr0Q7UNPWoC6oRTW6PzSOttMy2L3V5aE7UvxMRdZUauI7udCl21aI3 Fv/zaiG2LxsR94IQwWPTRe1QmOib4yD0sxIYioEmlEmubzVZl0rKUMc1twV57yVeUk7PW4HwMU7pvOzFdJZJuZC/ytv3OrcbMkWSHJIsOSY2uSBFckdKpEwY6ZM38k6GxtD4MD6Nr2lrwpjNHJA5GN+/E HWooQ==</latexit><latexit sha1_base64="x6KHoldG0kMIjOV1U0eNjSINBVY=">AAACJXicbVDLTgJBEJzFF+IL8 ehlIzHxIu7iQT2YEL14xChCAhsyO9vAhNlHZnoNuNlf8Spf48mYePJLTBweBwEr6aRS1Z3uLjcSXKFlfRmZldW19Y3sZm5re2d3L79feFJhLBnUWChC2XCpAsEDqCFHAY1IAvVdAXW3fzv2688gFQ+DRxx G4Pi0G/AOZxS11M4XWggDTB6u7bOy6XEfZNrOF62SNYG5TOwZKZIZqu38T8sLWexDgExQpZq2FaGTUImcCUhzrVhBRFmfdqGpaUB9UE4yuT01j7XimZ1Q6grQnKh/JxLqKzX0Xd3pU+ypRW8s/uc1Y+xc OgkPohghYNNFnViYGJrjIPSzEhiKoSaUSa5vNVmPSspQxzW3BXn/JV1STs+9SISY5nRe9mI6y6RWLl2V7HurWLmZBZclh+SInBCbXJAKuSNVUiOMDMgreSMjY2S8Gx/G57Q1Y8xmDsgcjO9fdAelkg==< /latexit>
S=1 dimer
<latexit sha1_base64="7Mr26p/KvQTffKDlyN9VH7qzDyY=">AAACI3icbVC7SgNREJ31bXytW tosBsHGsKuFWgSDNpYRjQpJCHdvJskldx/cOxuMy4IfYqu/YmMlNhZ+iuDNo1DjgYHDOTPMzPFjKTS57oc1NT0zOze/sJhbWl5ZXbPXN651lCiOFR7JSN36TKMUIVZIkMTbWCELfIk3fvds4N/0UGkRhVf Uj7EesHYoWoIzMlLDtmuEd5ReFj2nKQJUWcPOuwV3CGeSeGOSP3nJFR8AoNywv2rNiCcBhsQl07rquTHVU6ZIcIlZrpZojBnvsjZWDQ1ZgLqeDi/PnB2jNJ1WpEyF5AzVnxMpC7TuB77pDBh19F9vIP7n VRNqHdVTEcYJYchHi1qJdChyBjGYZxVykn1DGFfC3OrwDlOMkwnr1xYS3ftsQtk7aMYyoixn8vL+pjNJKvuF44J34eZLpzDCAmzBNuyCB4dQgnMoQwU49OARnuDZerZerTfrfdQ6ZY1nNuEXrM9vN8um6g ==</latexit><latexit sha1_base64="2Xm1uhyzadRN1n8KSfKCvQMxGVw=">AAACI3icbVA9SwNBEN3zM55fp 5Y2h0GwMdxpoRbBoI1lRM8EkhD2NpNkyd4Hu3PBeNw/sRPzV2ysRBALf4rgJrFQ44OBx3szzMzzY8EVOs67MTM7N7+wmFsyl1dW19atjc0bFSWSgcciEcmqTxUIHoKHHAVUYwk08AVU/N75yK/0QSoehdc 4iKER0E7I25xR1FLTsuoIt5heFV27xQOQWdPKOwVnDHuauN8kf/pkFuOHN7PctD7rrYglAYTIBFWq5joxNlIqkTMBmVlPFMSU9WgHapqGNADVSMeXZ/auVlp2O5K6QrTH6s+JlAZKDQJfdwYUu+qvNxL/ 82oJto8bKQ/jBCFkk0XtRNgY2aMY9LMSGIqBJpRJrm+1WZdKylCH9WsL8t5dNqXsH7ZiEWFm6rzcv+lME++gcFJwL5186YxMkCPbZIfsEZcckRK5IGXiEUb65J48kqExNJ6NF+N10jpjfM9skV8wPr4AZm KoXg==</latexit><latexit sha1_base64="2Xm1uhyzadRN1n8KSfKCvQMxGVw=">AAACI3icbVA9SwNBEN3zM55fp 5Y2h0GwMdxpoRbBoI1lRM8EkhD2NpNkyd4Hu3PBeNw/sRPzV2ysRBALf4rgJrFQ44OBx3szzMzzY8EVOs67MTM7N7+wmFsyl1dW19atjc0bFSWSgcciEcmqTxUIHoKHHAVUYwk08AVU/N75yK/0QSoehdc 4iKER0E7I25xR1FLTsuoIt5heFV27xQOQWdPKOwVnDHuauN8kf/pkFuOHN7PctD7rrYglAYTIBFWq5joxNlIqkTMBmVlPFMSU9WgHapqGNADVSMeXZ/auVlp2O5K6QrTH6s+JlAZKDQJfdwYUu+qvNxL/ 82oJto8bKQ/jBCFkk0XtRNgY2aMY9LMSGIqBJpRJrm+1WZdKylCH9WsL8t5dNqXsH7ZiEWFm6rzcv+lME++gcFJwL5186YxMkCPbZIfsEZcckRK5IGXiEUb65J48kqExNJ6NF+N10jpjfM9skV8wPr4AZm KoXg==</latexit><latexit sha1_base64="gM3qIPVophDVpv/EIgTMUX9yfzo=">AAACI3icbVBNS8NAEN34WetX1 KOXYBG8WBI9qAeh6MVjRWMLbSib7bRduvlgd1KsIf/Eq/01nsSLB3+K4LbNwbY+GHi8N8PMPD8WXKFtfxlLyyura+uFjeLm1vbOrrm3/6SiRDJwWSQiWfepAsFDcJGjgHosgQa+gJrfvx37tQFIxaPwEYc xeAHthrzDGUUttUyzifCM6cO1Y7V5ADJrmSW7bE9gLRInJyWSo9oyf5rtiCUBhMgEVarh2DF6KZXImYCs2EwUxJT1aRcamoY0AOWlk8sz61grbasTSV0hWhP170RKA6WGga87A4o9Ne+Nxf+8RoKdSy/l YZwghGy6qJMICyNrHIN+VgJDMdSEMsn1rRbrUUkZ6rBmtiDvv2QLyul5OxYRZkWdlzOfziJxz8pXZefeLlVu8uAK5JAckRPikAtSIXekSlzCyIC8kjcyMkbGu/FhfE5bl4x85oDMwPj+BXzipR0=</late xit>
(a)
<latexit sha1_ base64="qM2rOuKglM+nEDgcXc zs6z9lpkw=">AAACG3icbVA9TwJ BEJ3DL8Qv1E6bi2iCheROCz8qEh tLTESIQMjessCGvb3L7pwRL1f6 D2zl11gZWwt/jInLRyHgSyZ5eW8 mM/O8UHCNjvNtpRYWl5ZX0quZt fWNza3s9s69DiJFWZkGIlBVj2gm uGRl5ChYNVSM+J5gFa93PfQrj0 xpHsg77Ies4ZOO5G1OCRrpoY7sC eM8OU6a2ZxTcEaw54k7Ibni3ssh GJSa2Z96K6CRzyRSQbSuuU6IjZ go5FSwJFOPNAsJ7ZEOqxkqic90I x5dnNhHRmnZ7UCZkmiP1L8TMfG 17vue6fQJdvWsNxT/82oRti8aMZ dhhEzS8aJ2JGwM7OH7dosrRlH0 DSFUcXOrTbtEEYompKktyHvPyZx yctYKRYBJxuTlzqYzT8qnhcuCe2 tyu4Ix0rAPB5AHF86hCDdQgjJQ kPAKbzCwBta79WF9jltT1mRmF6Z gff0CxK6jaw==</latexit><latexit sha1_ base64="Iwqv3qYdScFgVUCQE8 sF2DGqlNY=">AAACG3icbVC7SgN BFJ31GeMraqfNYhBiYdjVwkcVsL ERIrgmmCxhdnaSDJmdXWbuinFZ rPwDW/MpVlZia+GP2AlOHoVJPHD hcM693HuPF3GmwLK+jJnZufmFx cxSdnlldW09t7F5o8JYEuqQkIey 6mFFORPUAQacViNJceBxWvE653 2/ckelYqG4hm5E3QC3BGsygkFLt 3Wg95AU8H7ayOWtojWAOU3sEcmX tp/y34+Xr+VG7qfuhyQOqADCsV I124rATbAERjhNs/VY0QiTDm7Rm qYCB1S5yeDi1NzTim82Q6lLgDl Q/04kOFCqG3i6M8DQVpNeX/zPq8 XQPHETJqIYqCDDRc2YmxCa/fdN n0lKgHc1wUQyfatJ2lhiAjqksS3 AOg/plHJw5Ec8hDSr87In05kmzm HxtGhf6dzO0BAZtIN2UQHZ6BiV 0AUqIwcRJNAzekE9o2e8Ge/Gx7B 1xhjNbKExGJ+/hRSl6g==</lat exit><latexit sha1_ base64="Iwqv3qYdScFgVUCQE8 sF2DGqlNY=">AAACG3icbVC7SgN BFJ31GeMraqfNYhBiYdjVwkcVsL ERIrgmmCxhdnaSDJmdXWbuinFZ rPwDW/MpVlZia+GP2AlOHoVJPHD hcM693HuPF3GmwLK+jJnZufmFx cxSdnlldW09t7F5o8JYEuqQkIey 6mFFORPUAQacViNJceBxWvE653 2/ckelYqG4hm5E3QC3BGsygkFLt 3Wg95AU8H7ayOWtojWAOU3sEcmX tp/y34+Xr+VG7qfuhyQOqADCsV I124rATbAERjhNs/VY0QiTDm7Rm qYCB1S5yeDi1NzTim82Q6lLgDl Q/04kOFCqG3i6M8DQVpNeX/zPq8 XQPHETJqIYqCDDRc2YmxCa/fdN n0lKgHc1wUQyfatJ2lhiAjqksS3 AOg/plHJw5Ec8hDSr87In05kmzm HxtGhf6dzO0BAZtIN2UQHZ6BiV 0AUqIwcRJNAzekE9o2e8Ge/Gx7B 1xhjNbKExGJ+/hRSl6g==</lat exit><latexit sha1_ base64="7zGGnmFtSpYnH4i6rk yp7mcPd6U=">AAACG3icbVBNS8N AEN34WetX1aOXxSLUgyXRgx+ngh ePFYwttqFsNtt26WYTdidiDfkX Xu2v8SRePfhjBLdtDrb1wcDjvRl m5vmx4Bps+9taWl5ZXVsvbBQ3t 7Z3dkt7+w86ShRlLo1EpJo+0Uxw yVzgIFgzVoyEvmANf3Az9htPTG keyXsYxswLSU/yLqcEjPTYBvYMa YWcZJ1S2a7aE+BF4uSkjHLUO6Wf dhDRJGQSqCBatxw7Bi8lCjgVLC u2E81iQgekx1qGShIy7aWTizN8b JQAdyNlSgKeqH8nUhJqPQx90xk S6Ot5byz+57US6F56KZdxAkzS6a JuIjBEePw+DrhiFMTQEEIVN7di 2ieKUDAhzWwBPnjJFpTT8yAWEWR Fk5czn84icc+qV1Xnzi7XrvPgCu gQHaEKctAFqqFbVEcuokiiV/SG RtbIerc+rM9p65KVzxygGVhfvzu domg=</latexit>
(c)
<latexit sha1_base64="jPb4FHDy2N77UpgSbcNtd092Eko=">AA ACG3icbVA9TwJBEJ3DL8Qv1E6bi2iCheROCz8qEhtLTESIQMjessCGvb3L7pwRL1f6D2zl11gZWwt/jInLRyHgSyZ5eW8mM/O8UHCNjvNt pRYWl5ZX0quZtfWNza3s9s69DiJFWZkGIlBVj2gmuGRl5ChYNVSM+J5gFa93PfQrj0xpHsg77Ies4ZOO5G1OCRrpoY7sCeM8PU6a2ZxTcE aw54k7Ibni3sshGJSa2Z96K6CRzyRSQbSuuU6IjZgo5FSwJFOPNAsJ7ZEOqxkqic90Ix5dnNhHRmnZ7UCZkmiP1L8TMfG17vue6fQJdvWsN xT/82oRti8aMZdhhEzS8aJ2JGwM7OH7dosrRlH0DSFUcXOrTbtEEYompKktyHvPyZxyctYKRYBJxuTlzqYzT8qnhcuCe2tyu4Ix0rAPB5A HF86hCDdQgjJQkPAKbzCwBta79WF9jltT1mRmF6Zgff0CyA6jbQ==</latexit><latexit sha1_base64="ZaepU2Zk8bAqsPk4BhKFgjb+C+g=">AA ACG3icbVC7SgNBFJ31GeMraqfNYhBiYdjVwkcVsLERIrgmmCxhdnaSDJmdXWbuinFZrPwDW/MpVlZia+GP2AlOHoVJPHDhcM693HuPF3Gm wLK+jJnZufmFxcxSdnlldW09t7F5o8JYEuqQkIey6mFFORPUAQacViNJceBxWvE6532/ckelYqG4hm5E3QC3BGsygkFLt3Wg95AUyH7ayO WtojWAOU3sEcmXtp/y34+Xr+VG7qfuhyQOqADCsVI124rATbAERjhNs/VY0QiTDm7RmqYCB1S5yeDi1NzTim82Q6lLgDlQ/04kOFCqG3i6M 8DQVpNeX/zPq8XQPHETJqIYqCDDRc2YmxCa/fdNn0lKgHc1wUQyfatJ2lhiAjqksS3AOg/plHJw5Ec8hDSr87In05kmzmHxtGhf6dzO0BA ZtIN2UQHZ6BiV0AUqIwcRJNAzekE9o2e8Ge/Gx7B1xhjNbKExGJ+/iHSl7A==</latexit><latexit sha1_base64="ZaepU2Zk8bAqsPk4BhKFgjb+C+g=">AA ACG3icbVC7SgNBFJ31GeMraqfNYhBiYdjVwkcVsLERIrgmmCxhdnaSDJmdXWbuinFZrPwDW/MpVlZia+GP2AlOHoVJPHDhcM693HuPF3Gm wLK+jJnZufmFxcxSdnlldW09t7F5o8JYEuqQkIey6mFFORPUAQacViNJceBxWvE6532/ckelYqG4hm5E3QC3BGsygkFLt3Wg95AUyH7ayO WtojWAOU3sEcmXtp/y34+Xr+VG7qfuhyQOqADCsVI124rATbAERjhNs/VY0QiTDm7RmqYCB1S5yeDi1NzTim82Q6lLgDlQ/04kOFCqG3i6M 8DQVpNeX/zPq8XQPHETJqIYqCDDRc2YmxCa/fdNn0lKgHc1wUQyfatJ2lhiAjqksS3AOg/plHJw5Ec8hDSr87In05kmzmHxtGhf6dzO0BA ZtIN2UQHZ6BiV0AUqIwcRJNAzekE9o2e8Ge/Gx7B1xhjNbKExGJ+/iHSl7A==</latexit><latexit sha1_base64="rdenuk6FLztSYDE36L0O45dKQMA=">AA ACG3icbVBNS8NAEN34WetX1aOXxSLUgyXRgx+nghePFYwttqFsNtt26WYTdidiDfkXXu2v8SRePfhjBLdtDrb1wcDjvRlm5vmx4Bps+9ta Wl5ZXVsvbBQ3t7Z3dkt7+w86ShRlLo1EpJo+0UxwyVzgIFgzVoyEvmANf3Az9htPTGkeyXsYxswLSU/yLqcEjPTYBvYMaYWeZJ1S2a7aE+ BF4uSkjHLUO6WfdhDRJGQSqCBatxw7Bi8lCjgVLCu2E81iQgekx1qGShIy7aWTizN8bJQAdyNlSgKeqH8nUhJqPQx90xkS6Ot5byz+57US6 F56KZdxAkzS6aJuIjBEePw+DrhiFMTQEEIVN7di2ieKUDAhzWwBPnjJFpTT8yAWEWRFk5czn84icc+qV1Xnzi7XrvPgCugQHaEKctAFqqF bVEcuokiiV/SGRtbIerc+rM9p65KVzxygGVhfvz79omo=</latexit>
(b)
<latexit sha1_base64="AJkrz 0rSpxqXWfUU5yW+rR0YmR4=">AAACG3icbVA9TwJBEJ3DL8Qv1E6b i2iCheROCz8qEhtLTESIQMjessCGvb3L7pwRL1f6D2zl11gZWwt/j InLRyHgSyZ5eW8mM/O8UHCNjvNtpRYWl5ZX0quZtfWNza3s9s69DiJ FWZkGIlBVj2gmuGRl5ChYNVSM+J5gFa93PfQrj0xpHsg77Ies4ZOO 5G1OCRrpoY7sCeO8d5w0szmn4IxgzxN3QnLFvZdDMCg1sz/1VkAjn 0mkgmhdc50QGzFRyKlgSaYeaRYS2iMdVjNUEp/pRjy6OLGPjNKy24 EyJdEeqX8nYuJr3fc90+kT7OpZbyj+59UibF80Yi7DCJmk40XtSNg Y2MP37RZXjKLoG0Ko4uZWm3aJIhRNSFNbkPeekznl5KwVigCTjMnL nU1nnpRPC5cF99bkdgVjpGEfDiAPLpxDEW6gBGWgIOEV3mBgDax36 8P6HLemrMnMLkzB+voFxl6jbA==</latexit><latexit sha1_base64="QH6qO TdteSDPaD+cDJ0ozYhYJtA=">AAACG3icbVC7SgNBFJ31GeMraqfN YhBiYdjVwkcVsLERIrgmmCxhdnaSDJmdXWbuinFZrPwDW/MpVlZia +GP2AlOHoVJPHDhcM693HuPF3GmwLK+jJnZufmFxcxSdnlldW09t7F 5o8JYEuqQkIey6mFFORPUAQacViNJceBxWvE6532/ckelYqG4hm5E 3QC3BGsygkFLt3Wg95AUvP20kctbRWsAc5rYI5IvbT/lvx8vX8uN3 E/dD0kcUAGEY6VqthWBm2AJjHCaZuuxohEmHdyiNU0FDqhyk8HFqb mnFd9shlKXAHOg/p1IcKBUN/B0Z4ChrSa9vvifV4uheeImTEQxUEG Gi5oxNyE0+++bPpOUAO9qgolk+laTtLHEBHRIY1uAdR7SKeXgyI94 CGlW52VPpjNNnMPiadG+0rmdoSEyaAftogKy0TEqoQtURg4iSKBn9 IJ6Rs94M96Nj2HrjDGa2UJjMD5/AYbEpes=</latexit><latexit sha1_base64="QH6qO TdteSDPaD+cDJ0ozYhYJtA=">AAACG3icbVC7SgNBFJ31GeMraqfN YhBiYdjVwkcVsLERIrgmmCxhdnaSDJmdXWbuinFZrPwDW/MpVlZia +GP2AlOHoVJPHDhcM693HuPF3GmwLK+jJnZufmFxcxSdnlldW09t7F 5o8JYEuqQkIey6mFFORPUAQacViNJceBxWvE6532/ckelYqG4hm5E 3QC3BGsygkFLt3Wg95AUvP20kctbRWsAc5rYI5IvbT/lvx8vX8uN3 E/dD0kcUAGEY6VqthWBm2AJjHCaZuuxohEmHdyiNU0FDqhyk8HFqb mnFd9shlKXAHOg/p1IcKBUN/B0Z4ChrSa9vvifV4uheeImTEQxUEG Gi5oxNyE0+++bPpOUAO9qgolk+laTtLHEBHRIY1uAdR7SKeXgyI94 CGlW52VPpjNNnMPiadG+0rmdoSEyaAftogKy0TEqoQtURg4iSKBn9 IJ6Rs94M96Nj2HrjDGa2UJjMD5/AYbEpes=</latexit><latexit sha1_base64="NSZsr 21si8vcFMq62ugv06yjrHE=">AAACG3icbVBNS8NAEN34WetX1aOX xSLUgyXRgx+nghePFYwttqFsNtt26WYTdidiDfkXXu2v8SRePfhjB LdtDrb1wcDjvRlm5vmx4Bps+9taWl5ZXVsvbBQ3t7Z3dkt7+w86ShR lLo1EpJo+0UxwyVzgIFgzVoyEvmANf3Az9htPTGkeyXsYxswLSU/y LqcEjPTYBvYMacU/yTqlsl21J8CLxMlJGeWod0o/7SCiScgkUEG0b jl2DF5KFHAqWFZsJ5rFhA5Ij7UMlSRk2ksnF2f42CgB7kbKlAQ8Uf 9OpCTUehj6pjMk0Nfz3lj8z2sl0L30Ui7jBJik00XdRGCI8Ph9HHD FKIihIYQqbm7FtE8UoWBCmtkCfPCSLSin50EsIsiKJi9nPp1F4p5V r6rOnV2uXefBFdAhOkIV5KALVEO3qI5cRJFEr+gNjayR9W59WJ/T1 iUrnzlAM7C+fgE9TaJp</latexit>
(d)
<latexit sha1_base64="YAQi2GVKNcQL5DVxyL92siPgzu0=">AA ACG3icbVC5TsNAEB2HK4QrQAeNxSGFgsiGgqNCoqEMEgZEYkXr9Zqssl5bu2NEsFzyB7TwNVSIloKPQWJzFEB40khP781oZl6QCq7RcT6t 0sTk1PRMebYyN7+wuFRdXrnUSaYo82giEnUdEM0El8xDjoJdp4qROBDsKuie9v2rO6Y0T+QF9lLmx+RW8ohTgka6aSG7x7wW7hTt6qZTdw awx4k7Ipsna49bYNBoV79aYUKzmEmkgmjddJ0U/Zwo5FSwotLKNEsJ7ZJb1jRUkphpPx9cXNjbRgntKFGmJNoD9edETmKte3FgOmOCHf3X6 4v/ec0Mo0M/5zLNkEk6XBRlwsbE7r9vh1wxiqJnCKGKm1tt2iGKUDQh/dqCvPtQjCm7+2EqEiwqJi/3bzrjxNurH9Xdc5PbMQxRhnXYgBq 4cAAncAYN8ICChCd4hhfrxXq13qz3YWvJGs2swi9YH9/JvqNu</latexit><latexit sha1_base64="oeQpoDzi1lWUcf2nub0uS9lNVjk=">AA ACG3icbVC7SgNBFJ31GeMraqfNYhBiYdjVwkcVsLERIrgmmCxhdnaSDJmdXWbuinFZrPwDW/MpVlZia+GP2AlOHoVJPHDhcM693HuPF3Gm wLK+jJnZufmFxcxSdnlldW09t7F5o8JYEuqQkIey6mFFORPUAQacViNJceBxWvE6532/ckelYqG4hm5E3QC3BGsygkFLt3Wg95AU/P20kc tbRWsAc5rYI5IvbT/lvx8vX8uN3E/dD0kcUAGEY6VqthWBm2AJjHCaZuuxohEmHdyiNU0FDqhyk8HFqbmnFd9shlKXAHOg/p1IcKBUN/B0Z 4ChrSa9vvifV4uheeImTEQxUEGGi5oxNyE0+++bPpOUAO9qgolk+laTtLHEBHRIY1uAdR7SKeXgyI94CGlW52VPpjNNnMPiadG+0rmdoSE yaAftogKy0TEqoQtURg4iSKBn9IJ6Rs94M96Nj2HrjDGa2UJjMD5/AYokpe0=</latexit><latexit sha1_base64="oeQpoDzi1lWUcf2nub0uS9lNVjk=">AA ACG3icbVC7SgNBFJ31GeMraqfNYhBiYdjVwkcVsLERIrgmmCxhdnaSDJmdXWbuinFZrPwDW/MpVlZia+GP2AlOHoVJPHDhcM693HuPF3Gm wLK+jJnZufmFxcxSdnlldW09t7F5o8JYEuqQkIey6mFFORPUAQacViNJceBxWvE6532/ckelYqG4hm5E3QC3BGsygkFLt3Wg95AU/P20kc tbRWsAc5rYI5IvbT/lvx8vX8uN3E/dD0kcUAGEY6VqthWBm2AJjHCaZuuxohEmHdyiNU0FDqhyk8HFqbmnFd9shlKXAHOg/p1IcKBUN/B0Z 4ChrSa9vvifV4uheeImTEQxUEGGi5oxNyE0+++bPpOUAO9qgolk+laTtLHEBHRIY1uAdR7SKeXgyI94CGlW52VPpjNNnMPiadG+0rmdoSE yaAftogKy0TEqoQtURg4iSKBn9IJ6Rs94M96Nj2HrjDGa2UJjMD5/AYokpe0=</latexit><latexit sha1_base64="tWQl1jTw5TWGE073/ztPMCH7BF0=">AA ACG3icbVBNS8NAEN34WetX1aOXxSLUgyXRgx+nghePFYwttqFsNtt26WYTdidiDfkXXu2v8SRePfhjBLdtDrb1wcDjvRlm5vmx4Bps+9ta Wl5ZXVsvbBQ3t7Z3dkt7+w86ShRlLo1EpJo+0UxwyVzgIFgzVoyEvmANf3Az9htPTGkeyXsYxswLSU/yLqcEjPTYBvYMaSU4yTqlsl21J8 CLxMlJGeWod0o/7SCiScgkUEG0bjl2DF5KFHAqWFZsJ5rFhA5Ij7UMlSRk2ksnF2f42CgB7kbKlAQ8Uf9OpCTUehj6pjMk0Nfz3lj8z2sl0 L30Ui7jBJik00XdRGCI8Ph9HHDFKIihIYQqbm7FtE8UoWBCmtkCfPCSLSin50EsIsiKJi9nPp1F4p5Vr6rOnV2uXefBFdAhOkIV5KALVEO 3qI5cRJFEr+gNjayR9W59WJ/T1iUrnzlAM7C+fgFAraJr</latexit>
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Stot=0
<latexit sha1_base64="H4WjnX6zCBrxXHAEcMqS5mD9oyc=">AAACJXicbZBNSwJRFIbP2JfZlxm0aTMmQZtkphbVIpDatFTKFByxO9erXrzzwb1nQhv8K23z17SKoE39k qDrxyK1Fw68vOcczuFxQ8EVWtankVhaXlldS66nNja3tnfSu5kHFUSSsjINRCCrLlFMcJ+VkaNg1VAy4rmCVdzuzahfeWJS8cC/x37I6h5p+7zFKUEdNdKZu4aDrIcxBjhwsldO1mqkc1beGstcNPbU5Ar7pa9HACg20j9OM6CRx3ykgihVs60Q6zGRyKlgg5QTKRYS2iVtVtPWJx5T9Xj8+8A80knTbAVSl4/mOP27ERNPqb7n6kmPYEfN90bhf71ahK2Le sz9MELm08mhViRMDMwRCLPJJaMo+toQKrn+1aQdIglFjWvmCvLu82AhOTlrhkJDS2le9jydRVM+zV/m7ZLmdg0TJeEADuEYbDiHAtxCEcpAoQcv8ApDY2i8Ge/Gx2Q0YUx39mBGxvcviVqnlA==</latexit><latexit sha1_base64="BiiNA5D6i0rwQDdQRLioiytmY3o=">AAACJXicbZC7SgNBFIZn4y3G2xrBxmZjEGwMu1qohRBiY5mgawLZEGYnk2TI7IWZs5K47KvYmsa3sLYSw UafRHByKUziDwd+/nMO5/C5IWcSTPNTSy0tr6yupdczG5tb2zv6bvZeBpEg1CYBD0TNxZJy5lMbGHBaCwXFnstp1e1dj/rVByokC/w7GIS04eGOz9qMYFBRU8/eNh2gfYghgMTJXTk5s6nnzYI5lrForKnJF/crX+yl9Fpu6j9OKyCRR30gHEtZt8wQGjEWwAinScaJJA0x6eEOrSvrY4/KRjz+PTGOVNIy2oFQ5YMxTv9uxNiTcuC5atLD0JXzvVH4X68eQ fuiETM/jID6ZHKoHXEDAmMEwmgxQQnwgTKYCKZ+NUgXC0xA4Zq5Aqz3mCwkJ2etkCtoGcXLmqezaOzTwmXBqihuJTRRGh2gQ3SMLHSOiugGlZGNCOqjJ/SMhtpQe9PetY/JaEqb7uyhGWnfvyOCqVA=</latexit><latexit sha1_base64="BiiNA5D6i0rwQDdQRLioiytmY3o=">AAACJXicbZC7SgNBFIZn4y3G2xrBxmZjEGwMu1qohRBiY5mgawLZEGYnk2TI7IWZs5K47KvYmsa3sLYSw UafRHByKUziDwd+/nMO5/C5IWcSTPNTSy0tr6yupdczG5tb2zv6bvZeBpEg1CYBD0TNxZJy5lMbGHBaCwXFnstp1e1dj/rVByokC/w7GIS04eGOz9qMYFBRU8/eNh2gfYghgMTJXTk5s6nnzYI5lrForKnJF/crX+yl9Fpu6j9OKyCRR30gHEtZt8wQGjEWwAinScaJJA0x6eEOrSvrY4/KRjz+PTGOVNIy2oFQ5YMxTv9uxNiTcuC5atLD0JXzvVH4X68eQ fuiETM/jID6ZHKoHXEDAmMEwmgxQQnwgTKYCKZ+NUgXC0xA4Zq5Aqz3mCwkJ2etkCtoGcXLmqezaOzTwmXBqihuJTRRGh2gQ3SMLHSOiugGlZGNCOqjJ/SMhtpQe9PetY/JaEqb7uyhGWnfvyOCqVA=</latexit><latexit sha1_base64="/OjvNA2n5jcX3MXeRudn+CE6jsc=">AAACJXicbZBNS8NAEIY39avWr1iPXlKL4MWS6EE9CEUvHisaW2hC2Ww37dLNB7sTaQ35K17tr/Ekgid/i eC2zcG2vjDw8s4MMzxezJkE0/zSCiura+sbxc3S1vbO7p6+X36SUSIItUnEI9HysKSchdQGBpy2YkFx4HHa9Aa3k37zmQrJovARRjF1A9wLmc8IBhV19PJDxwE6hBQiyJzKtVMxO3rVrJlTGcvGyk0V5Wp09B+nG5EkoCEQjqVsW2YMbooFMMJpVnISSWNMBrhH28qGOKDSTae/Z8axSrqGHwlVIRjT9O9GigMpR4GnJgMMfbnYm4T/9doJ+JduysI4ARqS2 SE/4QZExgSE0WWCEuAjZTARTP1qkD4WmIDCNXcF2OAlW0pOz7sxV9BKipe1SGfZ2Ge1q5p1b1brNzm4IjpER+gEWegC1dEdaiAbETREr+gNjbWx9q59aJ+z0YKW7xygOWnfv6shpa8=</latexit>
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<latexit sha1_base64="EHAKE/huAvrdFPRepOQ+NZMrAUE=">AAACJXicbZBNSwJRFIbP2JfZlxm0aTMmQZtkphbVIpDatFTKFByxO9erXrzzwb1nQhv8K23z17SKoE39kqD rxyK1Fw68vOcczuFxQ8EVWtankVhaXlldS66nNja3tnfSu5kHFUSSsjINRCCrLlFMcJ+VkaNg1VAy4rmCVdzuzahfeWJS8cC/x37I6h5p+7zFKUEdNdKZu4aDrIcxBjhwsldO1m6kc1beGstcNPbU5Ar7pa9HACg20j9OM6CRx3ykgihVs60Q6zGRyKlgg5QTKRYS2iVtVtPWJx5T9Xj8+8A80knTbAVSl4/mOP27ERNPqb7n6kmPYEfN90bhf71ahK2Lesz9MEL m08mhViRMDMwRCLPJJaMo+toQKrn+1aQdIglFjWvmCvLu82AhOTlrhkJDS2le9jydRVM+zV/m7ZLmdg0TJeEADuEYbDiHAtxCEcpAoQcv8ApDY2i8Ge/Gx2Q0YUx39mBGxvcviwinlQ==</latexit><latexit sha1_base64="4SeJUqbt5BoDhPbHNP44seI7Mho=">AAACJXicbZC7SgNBFIZn4y3G2xrBxmZjEGwMu1qohRBiY5mgawLZEGYnk2TI7IWZs5K47KvYmsa3sLYSwUa fRHByKUziDwd+/nMO5/C5IWcSTPNTSy0tr6yupdczG5tb2zv6bvZeBpEg1CYBD0TNxZJy5lMbGHBaCwXFnstp1e1dj/rVByokC/w7GIS04eGOz9qMYFBRU8/eNh2gfYghgMTJXTk5q6nnzYI5lrForKnJF/crX+yl9Fpu6j9OKyCRR30gHEtZt8wQGjEWwAinScaJJA0x6eEOrSvrY4/KRjz+PTGOVNIy2oFQ5YMxTv9uxNiTcuC5atLD0JXzvVH4X68eQfuiETM /jID6ZHKoHXEDAmMEwmgxQQnwgTKYCKZ+NUgXC0xA4Zq5Aqz3mCwkJ2etkCtoGcXLmqezaOzTwmXBqihuJTRRGh2gQ3SMLHSOiugGlZGNCOqjJ/SMhtpQe9PetY/JaEqb7uyhGWnfvyUwqVE=</latexit><latexit sha1_base64="4SeJUqbt5BoDhPbHNP44seI7Mho=">AAACJXicbZC7SgNBFIZn4y3G2xrBxmZjEGwMu1qohRBiY5mgawLZEGYnk2TI7IWZs5K47KvYmsa3sLYSwUa fRHByKUziDwd+/nMO5/C5IWcSTPNTSy0tr6yupdczG5tb2zv6bvZeBpEg1CYBD0TNxZJy5lMbGHBaCwXFnstp1e1dj/rVByokC/w7GIS04eGOz9qMYFBRU8/eNh2gfYghgMTJXTk5q6nnzYI5lrForKnJF/crX+yl9Fpu6j9OKyCRR30gHEtZt8wQGjEWwAinScaJJA0x6eEOrSvrY4/KRjz+PTGOVNIy2oFQ5YMxTv9uxNiTcuC5atLD0JXzvVH4X68eQfuiETM /jID6ZHKoHXEDAmMEwmgxQQnwgTKYCKZ+NUgXC0xA4Zq5Aqz3mCwkJ2etkCtoGcXLmqezaOzTwmXBqihuJTRRGh2gQ3SMLHSOiugGlZGNCOqjJ/SMhtpQe9PetY/JaEqb7uyhGWnfvyUwqVE=</latexit><latexit sha1_base64="eWY41EuyZx7PSQctV9s3dw67zBM=">AAACJXicbZBNS8NAEIY39avWr1qPXlKL4MWS6EE9CEUvHisaW2hC2Gy27dLNJuxOpDX0r3i1v8aTCJ78JYL bj4NtfWHg5Z0ZZniChDMFlvVl5FZW19Y38puFre2d3b3ifulJxakk1CExj2UzwIpyJqgDDDhtJpLiKOC0EfRux/3GM5WKxeIRBgn1ItwRrM0IBh35xdKD7wLtQwYxDN3ytVu2/WLFqloTmcvGnpkKmqnuF3/cMCZpRAUQjpVq2VYCXoYlMMLpsOCmiiaY9HCHtrQVOKLKyya/D81jnYRmO5a6BJiT9O9GhiOlBlGgJyMMXbXYG4f/9VoptC+9jIkkBSrI9FA75Sb E5hiEGTJJCfCBNphIpn81SRdLTEDjmrsCrPcyXEpOz8OEa2gFzctepLNsnLPqVdW+tyq1mxm4PDpER+gE2egC1dAdqiMHEdRHr+gNjYyR8W58GJ/T0Zwx2zlAczK+fwGsz6Ww</latexit>
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<latexit sha1_base64="dfI5Yqh9qaoUDiS6rdDll4aKEfw=">AAACJXicbZBNSwJRFIbP9Gn2ZQZt2oxJ0CaZsUW1CKQ2LZUyBUfszvWqF+98cO+Z0Ab/Stv8Na0iaFO/J Oj6sUjthQMv7zmHc3jcUHCFlvVpLC2vrK6tJzaSm1vbO7upvfSDCiJJWZkGIpBVlygmuM/KyFGwaigZ8VzBKm73ZtSvPDGpeODfYz9kdY+0fd7ilKCOGqn0XcNB1sMYAxw4mSsnk2+kslbOGstcNPbUZAsHpa9HACg2Uj9OM6CRx3ykgihVs60Q6zGRyKlgg6QTKRYS2iVtVtPWJx5T9Xj8+8A81knTbAVSl4/mOP27ERNPqb7n6kmPYEfN90bhf71ahK2Le sz9MELm08mhViRMDMwRCLPJJaMo+toQKrn+1aQdIglFjWvmCvLu82AhOT1rhkJDS2pe9jydRVPO5y5zdklzu4aJEnAIR3ACNpxDAW6hCGWg0IMXeIWhMTTejHfjYzK6ZEx39mFGxvcvjLanlg==</latexit><latexit sha1_base64="oYaQAd8Mez/nqTyjRiRstm6KSOQ=">AAACJXicbZC7SgNBFIZnvcZ4WyPY2GwMgo1hNxZqIYTYWCZoTCC7LLOTSTJk9sLMWUlc8iq2pvEtrK1Es NEnEZxcCpP4w4Gf/5zDOXxexJkE0/zUlpZXVtfWUxvpza3tnV19L3Mvw1gQWiUhD0Xdw5JyFtAqMOC0HgmKfY/Tmte9HvVrD1RIFgZ30I+o4+N2wFqMYFCRq2duXRtoDxIIYWBnr+xswdVzZt4cy1g01tTkigeVL/ZSei27+o/dDEns0wAIx1I2LDMCJ8ECGOF0kLZjSSNMurhNG8oG2KfSSca/D4xjlTSNVihUBWCM078bCfal7PuemvQxdOR8bxT+12vE0 LpwEhZEMdCATA61Ym5AaIxAGE0mKAHeVwYTwdSvBulggQkoXDNXgHUfBwvJ6Vkz4gpaWvGy5uksmmohf5m3KopbCU2UQofoCJ0gC52jIrpBZVRFBPXQE3pGQ22ovWnv2sdkdEmb7uyjGWnfvybeqVI=</latexit><latexit sha1_base64="oYaQAd8Mez/nqTyjRiRstm6KSOQ=">AAACJXicbZC7SgNBFIZnvcZ4WyPY2GwMgo1hNxZqIYTYWCZoTCC7LLOTSTJk9sLMWUlc8iq2pvEtrK1Es NEnEZxcCpP4w4Gf/5zDOXxexJkE0/zUlpZXVtfWUxvpza3tnV19L3Mvw1gQWiUhD0Xdw5JyFtAqMOC0HgmKfY/Tmte9HvVrD1RIFgZ30I+o4+N2wFqMYFCRq2duXRtoDxIIYWBnr+xswdVzZt4cy1g01tTkigeVL/ZSei27+o/dDEns0wAIx1I2LDMCJ8ECGOF0kLZjSSNMurhNG8oG2KfSSca/D4xjlTSNVihUBWCM078bCfal7PuemvQxdOR8bxT+12vE0 LpwEhZEMdCATA61Ym5AaIxAGE0mKAHeVwYTwdSvBulggQkoXDNXgHUfBwvJ6Vkz4gpaWvGy5uksmmohf5m3KopbCU2UQofoCJ0gC52jIrpBZVRFBPXQE3pGQ22ovWnv2sdkdEmb7uyjGWnfvybeqVI=</latexit><latexit sha1_base64="0R0xRU/9YZWwGziIued4J6rsXp8=">AAACJXicbZBNS8NAEIY3ftb6FevRS2oRvFiSelAPQtGLx4rGFppQNttNu3Tzwe5EWkP+ilf7azyJ4MlfI rhtc7CtLwy8vDPDDI8XcybBNL+0ldW19Y3NwlZxe2d3b18/KD3JKBGE2iTikWh5WFLOQmoDA05bsaA48DhteoPbSb/5TIVkUfgIo5i6Ae6FzGcEg4o6eumh4wAdQgoRZE752inXOnrFrJpTGcvGyk0F5Wp09B+nG5EkoCEQjqVsW2YMbooFMMJpVnQSSWNMBrhH28qGOKDSTae/Z8aJSrqGHwlVIRjT9O9GigMpR4GnJgMMfbnYm4T/9doJ+JduysI4ARqS2 SE/4QZExgSE0WWCEuAjZTARTP1qkD4WmIDCNXcF2OAlW0rOzrsxV9CKipe1SGfZ2LXqVdW6Nyv1mxxcAR2hY3SKLHSB6ugONZCNCBqiV/SGxtpYe9c+tM/Z6IqW7xyiOWnfv659pbE=</latexit>
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<latexit sha1_base64="H4WjnX6zCBrxXHAEcMqS5mD9oyc=">AAACJXicbZBNSwJRFIbP2JfZlxm0aTMmQZtkphbVIpDatFTKFByxO9erXrzzwb1nQhv8K23z17SKoE39k qDrxyK1Fw68vOcczuFxQ8EVWtankVhaXlldS66nNja3tnfSu5kHFUSSsjINRCCrLlFMcJ+VkaNg1VAy4rmCVdzuzahfeWJS8cC/x37I6h5p+7zFKUEdNdKZu4aDrIcxBjhwsldO1mqkc1beGstcNPbU5Ar7pa9HACg20j9OM6CRx3ykgihVs60Q6zGRyKlgg5QTKRYS2iVtVtPWJx5T9Xj8+8A80knTbAVSl4/mOP27ERNPqb7n6kmPYEfN90bhf71ahK2Le sz9MELm08mhViRMDMwRCLPJJaMo+toQKrn+1aQdIglFjWvmCvLu82AhOTlrhkJDS2le9jydRVM+zV/m7ZLmdg0TJeEADuEYbDiHAtxCEcpAoQcv8ApDY2i8Ge/Gx2Q0YUx39mBGxvcviVqnlA==</latexit><latexit sha1_base64="BiiNA5D6i0rwQDdQRLioiytmY3o=">AAACJXicbZC7SgNBFIZn4y3G2xrBxmZjEGwMu1qohRBiY5mgawLZEGYnk2TI7IWZs5K47KvYmsa3sLYSw UafRHByKUziDwd+/nMO5/C5IWcSTPNTSy0tr6yupdczG5tb2zv6bvZeBpEg1CYBD0TNxZJy5lMbGHBaCwXFnstp1e1dj/rVByokC/w7GIS04eGOz9qMYFBRU8/eNh2gfYghgMTJXTk5s6nnzYI5lrForKnJF/crX+yl9Fpu6j9OKyCRR30gHEtZt8wQGjEWwAinScaJJA0x6eEOrSvrY4/KRjz+PTGOVNIy2oFQ5YMxTv9uxNiTcuC5atLD0JXzvVH4X68eQ fuiETM/jID6ZHKoHXEDAmMEwmgxQQnwgTKYCKZ+NUgXC0xA4Zq5Aqz3mCwkJ2etkCtoGcXLmqezaOzTwmXBqihuJTRRGh2gQ3SMLHSOiugGlZGNCOqjJ/SMhtpQe9PetY/JaEqb7uyhGWnfvyOCqVA=</latexit><latexit sha1_base64="BiiNA5D6i0rwQDdQRLioiytmY3o=">AAACJXicbZC7SgNBFIZn4y3G2xrBxmZjEGwMu1qohRBiY5mgawLZEGYnk2TI7IWZs5K47KvYmsa3sLYSw UafRHByKUziDwd+/nMO5/C5IWcSTPNTSy0tr6yupdczG5tb2zv6bvZeBpEg1CYBD0TNxZJy5lMbGHBaCwXFnstp1e1dj/rVByokC/w7GIS04eGOz9qMYFBRU8/eNh2gfYghgMTJXTk5s6nnzYI5lrForKnJF/crX+yl9Fpu6j9OKyCRR30gHEtZt8wQGjEWwAinScaJJA0x6eEOrSvrY4/KRjz+PTGOVNIy2oFQ5YMxTv9uxNiTcuC5atLD0JXzvVH4X68eQ fuiETM/jID6ZHKoHXEDAmMEwmgxQQnwgTKYCKZ+NUgXC0xA4Zq5Aqz3mCwkJ2etkCtoGcXLmqezaOzTwmXBqihuJTRRGh2gQ3SMLHSOiugGlZGNCOqjJ/SMhtpQe9PetY/JaEqb7uyhGWnfvyOCqVA=</latexit><latexit sha1_base64="/OjvNA2n5jcX3MXeRudn+CE6jsc=">AAACJXicbZBNS8NAEIY39avWr1iPXlKL4MWS6EE9CEUvHisaW2hC2Ww37dLNB7sTaQ35K17tr/Ekgid/i eC2zcG2vjDw8s4MMzxezJkE0/zSCiura+sbxc3S1vbO7p6+X36SUSIItUnEI9HysKSchdQGBpy2YkFx4HHa9Aa3k37zmQrJovARRjF1A9wLmc8IBhV19PJDxwE6hBQiyJzKtVMxO3rVrJlTGcvGyk0V5Wp09B+nG5EkoCEQjqVsW2YMbooFMMJpVnISSWNMBrhH28qGOKDSTae/Z8axSrqGHwlVIRjT9O9GigMpR4GnJgMMfbnYm4T/9doJ+JduysI4ARqS2 SE/4QZExgSE0WWCEuAjZTARTP1qkD4WmIDCNXcF2OAlW0pOz7sxV9BKipe1SGfZ2Ge1q5p1b1brNzm4IjpER+gEWegC1dEdaiAbETREr+gNjbWx9q59aJ+z0YKW7xygOWnfv6shpa8=</latexit>
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<latexit sha1_base64="EHAKE/huAvrdFPRepOQ+NZMrAUE=">AAACJXicbZBNSwJRFIbP2JfZlxm0aTMmQZtkphbVIpDatFTKFByxO9erXrzzwb1nQhv8K23z17SKoE39 kqDrxyK1Fw68vOcczuFxQ8EVWtankVhaXlldS66nNja3tnfSu5kHFUSSsjINRCCrLlFMcJ+VkaNg1VAy4rmCVdzuzahfeWJS8cC/x37I6h5p+7zFKUEdNdKZu4aDrIcxBjhwsldO1m6kc1beGstcNPbU5Ar7pa9HACg20j9OM6CRx3ykgihVs60Q6zGRyKlgg5QTKRYS2iVtVtPWJx5T9Xj8+8A80knTbAVSl4/mOP27ERNPqb7n6kmPYEfN90bhf71ahK 2Lesz9MELm08mhViRMDMwRCLPJJaMo+toQKrn+1aQdIglFjWvmCvLu82AhOTlrhkJDS2le9jydRVM+zV/m7ZLmdg0TJeEADuEYbDiHAtxCEcpAoQcv8ApDY2i8Ge/Gx2Q0YUx39mBGxvcviwinlQ==</latexit><latexit sha1_base64="4SeJUqbt5BoDhPbHNP44seI7Mho=">AAACJXicbZC7SgNBFIZn4y3G2xrBxmZjEGwMu1qohRBiY5mgawLZEGYnk2TI7IWZs5K47KvYmsa3sLYS wUafRHByKUziDwd+/nMO5/C5IWcSTPNTSy0tr6yupdczG5tb2zv6bvZeBpEg1CYBD0TNxZJy5lMbGHBaCwXFnstp1e1dj/rVByokC/w7GIS04eGOz9qMYFBRU8/eNh2gfYghgMTJXTk5q6nnzYI5lrForKnJF/crX+yl9Fpu6j9OKyCRR30gHEtZt8wQGjEWwAinScaJJA0x6eEOrSvrY4/KRjz+PTGOVNIy2oFQ5YMxTv9uxNiTcuC5atLD0JXzvVH4X6 8eQfuiETM/jID6ZHKoHXEDAmMEwmgxQQnwgTKYCKZ+NUgXC0xA4Zq5Aqz3mCwkJ2etkCtoGcXLmqezaOzTwmXBqihuJTRRGh2gQ3SMLHSOiugGlZGNCOqjJ/SMhtpQe9PetY/JaEqb7uyhGWnfvyUwqVE=</latexit><latexit sha1_base64="4SeJUqbt5BoDhPbHNP44seI7Mho=">AAACJXicbZC7SgNBFIZn4y3G2xrBxmZjEGwMu1qohRBiY5mgawLZEGYnk2TI7IWZs5K47KvYmsa3sLYS wUafRHByKUziDwd+/nMO5/C5IWcSTPNTSy0tr6yupdczG5tb2zv6bvZeBpEg1CYBD0TNxZJy5lMbGHBaCwXFnstp1e1dj/rVByokC/w7GIS04eGOz9qMYFBRU8/eNh2gfYghgMTJXTk5q6nnzYI5lrForKnJF/crX+yl9Fpu6j9OKyCRR30gHEtZt8wQGjEWwAinScaJJA0x6eEOrSvrY4/KRjz+PTGOVNIy2oFQ5YMxTv9uxNiTcuC5atLD0JXzvVH4X6 8eQfuiETM/jID6ZHKoHXEDAmMEwmgxQQnwgTKYCKZ+NUgXC0xA4Zq5Aqz3mCwkJ2etkCtoGcXLmqezaOzTwmXBqihuJTRRGh2gQ3SMLHSOiugGlZGNCOqjJ/SMhtpQe9PetY/JaEqb7uyhGWnfvyUwqVE=</latexit><latexit sha1_base64="eWY41EuyZx7PSQctV9s3dw67zBM=">AAACJXicbZBNS8NAEIY39avWr1qPXlKL4MWS6EE9CEUvHisaW2hC2Gy27dLNJuxOpDX0r3i1v8aTCJ78 JYLbj4NtfWHg5Z0ZZniChDMFlvVl5FZW19Y38puFre2d3b3ifulJxakk1CExj2UzwIpyJqgDDDhtJpLiKOC0EfRux/3GM5WKxeIRBgn1ItwRrM0IBh35xdKD7wLtQwYxDN3ytVu2/WLFqloTmcvGnpkKmqnuF3/cMCZpRAUQjpVq2VYCXoYlMMLpsOCmiiaY9HCHtrQVOKLKyya/D81jnYRmO5a6BJiT9O9GhiOlBlGgJyMMXbXYG4f/9VoptC+9jIkkBS rI9FA75SbE5hiEGTJJCfCBNphIpn81SRdLTEDjmrsCrPcyXEpOz8OEa2gFzctepLNsnLPqVdW+tyq1mxm4PDpER+gE2egC1dAdqiMHEdRHr+gNjYyR8W58GJ/T0Zwx2zlAczK+fwGsz6Ww</latexit>
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<latexit sha1_base64="mOtK1qun4S/YIBzy27Fl7U 15MnQ=">AAACJHicbVC7TgJBFJ3FF+ILtLSZCCY2kl0sfFQkNjYmmLhCApvN7DDAhNlHZu5qYLOfYitfY2UsbP wTE2eBQsCT3OTknHtzT44XCa7ANL+M3Nr6xuZWfruws7u3f1AsHT6pMJaU2TQUoWx5RDHBA2YDB8FakWTE9wRr esPbzG8+M6l4GDzCKGKOT/oB73FKQEtusYQrHZ/AwPOS+9RNxmnFLZbNqjkFXiXWnJTRHA23+NPphjT2WQBUEK XalhmBkxAJnAqWFjqxYhGhQ9JnbU0D4jPlJNPoKT7VShf3QqknADxV/14kxFdq5Ht6M4uplr1M/M9rx9C7chIe RDGwgM4e9WKBIcRZD7jLJaMgRpoQKrnOiumASEJBt7XwBfhwnK4o5xfdSISQFnRf1nI7q8SuVa+r1kOtXL+ZF5 dHx+gEnSELXaI6ukMNZCOKXtArekMTY2K8Gx/G52w1Z8xvjtACjO9fCF+lXg==</latexit><latexit sha1_base64="mOtK1qun4S/YIBzy27Fl7U 15MnQ=">AAACJHicbVC7TgJBFJ3FF+ILtLSZCCY2kl0sfFQkNjYmmLhCApvN7DDAhNlHZu5qYLOfYitfY2UsbP wTE2eBQsCT3OTknHtzT44XCa7ANL+M3Nr6xuZWfruws7u3f1AsHT6pMJaU2TQUoWx5RDHBA2YDB8FakWTE9wRr esPbzG8+M6l4GDzCKGKOT/oB73FKQEtusYQrHZ/AwPOS+9RNxmnFLZbNqjkFXiXWnJTRHA23+NPphjT2WQBUEK XalhmBkxAJnAqWFjqxYhGhQ9JnbU0D4jPlJNPoKT7VShf3QqknADxV/14kxFdq5Ht6M4uplr1M/M9rx9C7chIe RDGwgM4e9WKBIcRZD7jLJaMgRpoQKrnOiumASEJBt7XwBfhwnK4o5xfdSISQFnRf1nI7q8SuVa+r1kOtXL+ZF5 dHx+gEnSELXaI6ukMNZCOKXtArekMTY2K8Gx/G52w1Z8xvjtACjO9fCF+lXg==</latexit><latexit sha1_base64="mOtK1qun4S/YIBzy27Fl7U 15MnQ=">AAACJHicbVC7TgJBFJ3FF+ILtLSZCCY2kl0sfFQkNjYmmLhCApvN7DDAhNlHZu5qYLOfYitfY2UsbP wTE2eBQsCT3OTknHtzT44XCa7ANL+M3Nr6xuZWfruws7u3f1AsHT6pMJaU2TQUoWx5RDHBA2YDB8FakWTE9wRr esPbzG8+M6l4GDzCKGKOT/oB73FKQEtusYQrHZ/AwPOS+9RNxmnFLZbNqjkFXiXWnJTRHA23+NPphjT2WQBUEK XalhmBkxAJnAqWFjqxYhGhQ9JnbU0D4jPlJNPoKT7VShf3QqknADxV/14kxFdq5Ht6M4uplr1M/M9rx9C7chIe RDGwgM4e9WKBIcRZD7jLJaMgRpoQKrnOiumASEJBt7XwBfhwnK4o5xfdSISQFnRf1nI7q8SuVa+r1kOtXL+ZF5 dHx+gEnSELXaI6ukMNZCOKXtArekMTY2K8Gx/G52w1Z8xvjtACjO9fCF+lXg==</latexit><latexit sha1_base64="mOtK1qun4S/YIBzy27Fl7U 15MnQ=">AAACJHicbVC7TgJBFJ3FF+ILtLSZCCY2kl0sfFQkNjYmmLhCApvN7DDAhNlHZu5qYLOfYitfY2UsbP wTE2eBQsCT3OTknHtzT44XCa7ANL+M3Nr6xuZWfruws7u3f1AsHT6pMJaU2TQUoWx5RDHBA2YDB8FakWTE9wRr esPbzG8+M6l4GDzCKGKOT/oB73FKQEtusYQrHZ/AwPOS+9RNxmnFLZbNqjkFXiXWnJTRHA23+NPphjT2WQBUEK XalhmBkxAJnAqWFjqxYhGhQ9JnbU0D4jPlJNPoKT7VShf3QqknADxV/14kxFdq5Ht6M4uplr1M/M9rx9C7chIe RDGwgM4e9WKBIcRZD7jLJaMgRpoQKrnOiumASEJBt7XwBfhwnK4o5xfdSISQFnRf1nI7q8SuVa+r1kOtXL+ZF5 dHx+gEnSELXaI6ukMNZCOKXtArekMTY2K8Gx/G52w1Z8xvjtACjO9fCF+lXg==</latexit>
M?
<latexit sha1_base64="bBBPQSIbCx+Ysw/c6OXKL1FCEro=">AAACJ3 icbVDLSgNBEOyNrxhf8YEXL4tB8GLY1YN6C3rxIiRgTCAJcXYySYbM7g4zvUKy7L94NV/jSfQi+CGCk8fBJBY0FFXddFGeFFyj43xaqaXlldW19HpmY 3Nreye7u/eow0hRVqahCFXVI5oJHrAychSsKhUjvidYxevdjvzKM1Oah8ED9iVr+KQT8DanBI3UzB7EdZ9g1/Pi+6QZ1yVTMkma2ZyTd8awF4k7Jbn CYenrCQCKzexPvRXSyGcBUkG0rrmOxEZMFHIqWJKpR5pJQnukw2qGBsRnuhGP0yf2iVFadjtUZgK0x+rfi5j4Wvd9z2yOoup5byT+59UibF81Yh7ICF lAJ4/akbAxtEdV2C2uGEXRN4RQxU1Wm3aJIhRNYTNfkPcGyYJydtGSIsQkY/py59tZJOXz/HXeLZnebmCCNBzBMZyCC5dQgDsoQhkoDOAFXmFoDa036 936mKymrOnNPszA+v4FGT6pkA==</latexit><latexit sha1_base64="QgFQ/R5mXcncyJeazo4OPSajfKY=">AAACJ3 icbVDLSsNAFJ3UV62v+sCNm2AR3FgSXai7UjduhBaMLTShTKbTdugkGWZuhDbkX9xa8C/8AFeiG8EPEZw+Frb1wIXDOfdyD8cXnCmwrE8js7S8srqWX c9tbG5t7+R39x5UFEtCHRLxSNZ9rChnIXWAAad1ISkOfE5rfu9m5NceqVQsCu+hL6gX4E7I2oxg0FIzf5C4AYau7yd3aTNxBZUiTZv5glW0xjAXiT0 lhdJh9Yu9lF8rzfyP24pIHNAQCMdKNWxLgJdgCYxwmubcWFGBSQ93aEPTEAdUeck4fWqeaKVltiOpJwRzrP69SHCgVD/w9eYoqpr3RuJ/XiOG9pWXsF DEQEMyedSOuQmROarCbDFJCfC+JphIprOapIslJqALm/kCrDdIF5Szi5bgEaQ53Zc9384icc6L10W7qnsrowmy6Agdo1Nko0tUQreoghxE0AA9oWc0N IbGm/FufExWM8b0Zh/NwPj+BbNXq0w=</latexit><latexit sha1_base64="QgFQ/R5mXcncyJeazo4OPSajfKY=">AAACJ3 icbVDLSsNAFJ3UV62v+sCNm2AR3FgSXai7UjduhBaMLTShTKbTdugkGWZuhDbkX9xa8C/8AFeiG8EPEZw+Frb1wIXDOfdyD8cXnCmwrE8js7S8srqWX c9tbG5t7+R39x5UFEtCHRLxSNZ9rChnIXWAAad1ISkOfE5rfu9m5NceqVQsCu+hL6gX4E7I2oxg0FIzf5C4AYau7yd3aTNxBZUiTZv5glW0xjAXiT0 lhdJh9Yu9lF8rzfyP24pIHNAQCMdKNWxLgJdgCYxwmubcWFGBSQ93aEPTEAdUeck4fWqeaKVltiOpJwRzrP69SHCgVD/w9eYoqpr3RuJ/XiOG9pWXsF DEQEMyedSOuQmROarCbDFJCfC+JphIprOapIslJqALm/kCrDdIF5Szi5bgEaQ53Zc9384icc6L10W7qnsrowmy6Agdo1Nko0tUQreoghxE0AA9oWc0N IbGm/FufExWM8b0Zh/NwPj+BbNXq0w=</latexit><latexit sha1_base64="vvXHW/iiKlDXd+F6KPG6DwHprb4=">AAACJ3 icbVDLSsNAFJ3UV62v+Ni5CRbBjSXRhborunEjVDC20IQymU7boZNkmLkR2pB/cWu/xpXo0g8RnLRZ2NYDFw7n3Ms9nEBwpsC2v4zSyura+kZ5s7K1v bO7Z+4fPKs4kYS6JOaxbAVYUc4i6gIDTltCUhwGnDaD4V3uN1+oVCyOnmAkqB/ifsR6jGDQUsc8Sr0QwyAI0oesk3qCSpFlHbNq1+wprGXiFKSKCjQ 65o/XjUkS0ggIx0q1HVuAn2IJjHCaVbxEUYHJEPdpW9MIh1T56TR9Zp1qpWv1YqknAmuq/r1IcajUKAz0Zh5VLXq5+J/XTqB37acsEgnQiMwe9RJuQW zlVVhdJikBPtIEE8l0VosMsMQEdGFzX4ANx9mScn7ZFTyGrKL7chbbWSbuRe2m5jza1fptUVwZHaMTdIYcdIXq6B41kIsIGqNX9IYmxsR4Nz6Mz9lqy ShuDtEcjO9fOwWnqw==</latexit>
Mz
<latexit sha1_base64="mOtK1qun4S/YIBzy27Fl7U15MnQ=">AAACJHicbVC7TgJBFJ3FF+ILtLSZCCY2kl0sfFQ kNjYmmLhCApvN7DDAhNlHZu5qYLOfYitfY2UsbPwTE2eBQsCT3OTknHtzT44XCa7ANL+M3Nr6xuZWfruws7u3f1AsHT6pMJaU2TQUoWx5RDHBA2YDB8FakWTE9wRresPbzG8+M6l4GDzCKGKOT/oB73FKQEtusYQrHZ/AwPOS+9RNxmnFLZbN qjkFXiXWnJTRHA23+NPphjT2WQBUEKXalhmBkxAJnAqWFjqxYhGhQ9JnbU0D4jPlJNPoKT7VShf3QqknADxV/14kxFdq5Ht6M4uplr1M/M9rx9C7chIeRDGwgM4e9WKBIcRZD7jLJaMgRpoQKrnOiumASEJBt7XwBfhwnK4o5xfdSISQFnRf 1nI7q8SuVa+r1kOtXL+ZF5dHx+gEnSELXaI6ukMNZCOKXtArekMTY2K8Gx/G52w1Z8xvjtACjO9fCF+lXg==</latexit><latexit sha1_base64="mOtK1qun4S/YIBzy27Fl7U15MnQ=">AAACJHicbVC7TgJBFJ3FF+ILtLSZCCY2kl0sfFQ kNjYmmLhCApvN7DDAhNlHZu5qYLOfYitfY2UsbPwTE2eBQsCT3OTknHtzT44XCa7ANL+M3Nr6xuZWfruws7u3f1AsHT6pMJaU2TQUoWx5RDHBA2YDB8FakWTE9wRresPbzG8+M6l4GDzCKGKOT/oB73FKQEtusYQrHZ/AwPOS+9RNxmnFLZbN qjkFXiXWnJTRHA23+NPphjT2WQBUEKXalhmBkxAJnAqWFjqxYhGhQ9JnbU0D4jPlJNPoKT7VShf3QqknADxV/14kxFdq5Ht6M4uplr1M/M9rx9C7chIeRDGwgM4e9WKBIcRZD7jLJaMgRpoQKrnOiumASEJBt7XwBfhwnK4o5xfdSISQFnRf 1nI7q8SuVa+r1kOtXL+ZF5dHx+gEnSELXaI6ukMNZCOKXtArekMTY2K8Gx/G52w1Z8xvjtACjO9fCF+lXg==</latexit><latexit sha1_base64="mOtK1qun4S/YIBzy27Fl7U15MnQ=">AAACJHicbVC7TgJBFJ3FF+ILtLSZCCY2kl0sfFQ kNjYmmLhCApvN7DDAhNlHZu5qYLOfYitfY2UsbPwTE2eBQsCT3OTknHtzT44XCa7ANL+M3Nr6xuZWfruws7u3f1AsHT6pMJaU2TQUoWx5RDHBA2YDB8FakWTE9wRresPbzG8+M6l4GDzCKGKOT/oB73FKQEtusYQrHZ/AwPOS+9RNxmnFLZbN qjkFXiXWnJTRHA23+NPphjT2WQBUEKXalhmBkxAJnAqWFjqxYhGhQ9JnbU0D4jPlJNPoKT7VShf3QqknADxV/14kxFdq5Ht6M4uplr1M/M9rx9C7chIeRDGwgM4e9WKBIcRZD7jLJaMgRpoQKrnOiumASEJBt7XwBfhwnK4o5xfdSISQFnRf 1nI7q8SuVa+r1kOtXL+ZF5dHx+gEnSELXaI6ukMNZCOKXtArekMTY2K8Gx/G52w1Z8xvjtACjO9fCF+lXg==</latexit><latexit sha1_base64="mOtK1qun4S/YIBzy27Fl7U15MnQ=">AAACJHicbVC7TgJBFJ3FF+ILtLSZCCY2kl0sfFQ kNjYmmLhCApvN7DDAhNlHZu5qYLOfYitfY2UsbPwTE2eBQsCT3OTknHtzT44XCa7ANL+M3Nr6xuZWfruws7u3f1AsHT6pMJaU2TQUoWx5RDHBA2YDB8FakWTE9wRresPbzG8+M6l4GDzCKGKOT/oB73FKQEtusYQrHZ/AwPOS+9RNxmnFLZbN qjkFXiXWnJTRHA23+NPphjT2WQBUEKXalhmBkxAJnAqWFjqxYhGhQ9JnbU0D4jPlJNPoKT7VShf3QqknADxV/14kxFdq5Ht6M4uplr1M/M9rx9C7chIeRDGwgM4e9WKBIcRZD7jLJaMgRpoQKrnOiumASEJBt7XwBfhwnK4o5xfdSISQFnRf 1nI7q8SuVa+r1kOtXL+ZF5dHx+gEnSELXaI6ukMNZCOKXtArekMTY2K8Gx/G52w1Z8xvjtACjO9fCF+lXg==</latexit>
M?
<latexit sha1_base64="bBBPQSIbCx+Ysw/c6OXKL1FCEro=">AAACJ3icbVDLSgNBEOyNrxhf8YEXL4tB8GLY1YN6C3rxIiRgTCAJcXYySYbM7g4zvUKy 7L94NV/jSfQi+CGCk8fBJBY0FFXddFGeFFyj43xaqaXlldW19HpmY3Nreye7u/eow0hRVqahCFXVI5oJHrAychSsKhUjvidYxevdjvzKM1Oah8ED9iVr+KQT8DanBI3UzB7EdZ9g1/Pi+6QZ1yVTMkma2ZyTd8awF4k7JbnCYenrCQCKzexPvRXSyGcBUkG0rrmOxEZMFHIqWJKpR5pJQnukw2qGBsRnuhGP0yf2iVFadjt UZgK0x+rfi5j4Wvd9z2yOoup5byT+59UibF81Yh7ICFlAJ4/akbAxtEdV2C2uGEXRN4RQxU1Wm3aJIhRNYTNfkPcGyYJydtGSIsQkY/py59tZJOXz/HXeLZnebmCCNBzBMZyCC5dQgDsoQhkoDOAFXmFoDa036936mKymrOnNPszA+v4FGT6pkA==</latexit><latexit sha1_base64="QgFQ/R5mXcncyJeazo4OPSajfKY=">AAACJ3icbVDLSsNAFJ3UV62v+sCNm2AR3FgSXai7UjduhBaMLTShTKbTdugkGWZuhDbk X9xa8C/8AFeiG8EPEZw+Frb1wIXDOfdyD8cXnCmwrE8js7S8srqWXc9tbG5t7+R39x5UFEtCHRLxSNZ9rChnIXWAAad1ISkOfE5rfu9m5NceqVQsCu+hL6gX4E7I2oxg0FIzf5C4AYau7yd3aTNxBZUiTZv5glW0xjAXiT0lhdJh9Yu9lF8rzfyP24pIHNAQCMdKNWxLgJdgCYxwmubcWFGBSQ93aEPTEAdUeck4fWqeaKV ltiOpJwRzrP69SHCgVD/w9eYoqpr3RuJ/XiOG9pWXsFDEQEMyedSOuQmROarCbDFJCfC+JphIprOapIslJqALm/kCrDdIF5Szi5bgEaQ53Zc9384icc6L10W7qnsrowmy6Agdo1Nko0tUQreoghxE0AA9oWc0NIbGm/FufExWM8b0Zh/NwPj+BbNXq0w=</latexit><latexit sha1_base64="QgFQ/R5mXcncyJeazo4OPSajfKY=">AAACJ3icbVDLSsNAFJ3UV62v+sCNm2AR3FgSXai7UjduhBaMLTShTKbTdugkGWZuhDbk X9xa8C/8AFeiG8EPEZw+Frb1wIXDOfdyD8cXnCmwrE8js7S8srqWXc9tbG5t7+R39x5UFEtCHRLxSNZ9rChnIXWAAad1ISkOfE5rfu9m5NceqVQsCu+hL6gX4E7I2oxg0FIzf5C4AYau7yd3aTNxBZUiTZv5glW0xjAXiT0lhdJh9Yu9lF8rzfyP24pIHNAQCMdKNWxLgJdgCYxwmubcWFGBSQ93aEPTEAdUeck4fWqeaKV ltiOpJwRzrP69SHCgVD/w9eYoqpr3RuJ/XiOG9pWXsFDEQEMyedSOuQmROarCbDFJCfC+JphIprOapIslJqALm/kCrDdIF5Szi5bgEaQ53Zc9384icc6L10W7qnsrowmy6Agdo1Nko0tUQreoghxE0AA9oWc0NIbGm/FufExWM8b0Zh/NwPj+BbNXq0w=</latexit><latexit sha1_base64="vvXHW/iiKlDXd+F6KPG6DwHprb4=">AAACJ3icbVDLSsNAFJ3UV62v+Ni5CRbBjSXRhborunEjVDC20IQymU7boZNkmLkR2pB/ cWu/xpXo0g8RnLRZ2NYDFw7n3Ms9nEBwpsC2v4zSyura+kZ5s7K1vbO7Z+4fPKs4kYS6JOaxbAVYUc4i6gIDTltCUhwGnDaD4V3uN1+oVCyOnmAkqB/ifsR6jGDQUsc8Sr0QwyAI0oesk3qCSpFlHbNq1+wprGXiFKSKCjQ65o/XjUkS0ggIx0q1HVuAn2IJjHCaVbxEUYHJEPdpW9MIh1T56TR9Zp1qpWv1YqknAmuq/r1 IcajUKAz0Zh5VLXq5+J/XTqB37acsEgnQiMwe9RJuQWzlVVhdJikBPtIEE8l0VosMsMQEdGFzX4ANx9mScn7ZFTyGrKL7chbbWSbuRe2m5jza1fptUVwZHaMTdIYcdIXq6B41kIsIGqNX9IYmxsR4Nz6Mz9lqyShuDtEcjO9fOwWnqw==</latexit>
Mz
<latexit sha1_base64="mOtK1qun4S/YIBzy27Fl7U15MnQ=">AAACJHicbVC7TgJBFJ3FF+ILtLSZCCY2kl0 sfFQkNjYmmLhCApvN7DDAhNlHZu5qYLOfYitfY2UsbPwTE2eBQsCT3OTknHtzT44XCa7ANL+M3Nr6xuZWfruws7u3f1AsHT6pMJaU2TQUoWx5RDHBA2YDB8FakWTE9wRresPbzG8+M6l4GDzCKGKOT/oB73FKQEtusYQrHZ/AwPO S+9RNxmnFLZbNqjkFXiXWnJTRHA23+NPphjT2WQBUEKXalhmBkxAJnAqWFjqxYhGhQ9JnbU0D4jPlJNPoKT7VShf3QqknADxV/14kxFdq5Ht6M4uplr1M/M9rx9C7chIeRDGwgM4e9WKBIcRZD7jLJaMgRpoQKrnOiumASEJBt7X wBfhwnK4o5xfdSISQFnRf1nI7q8SuVa+r1kOtXL+ZF5dHx+gEnSELXaI6ukMNZCOKXtArekMTY2K8Gx/G52w1Z8xvjtACjO9fCF+lXg==</latexit><latexit sha1_base64="mOtK1qun4S/YIBzy27Fl7U15MnQ=">AAACJHicbVC7TgJBFJ3FF+ILtLSZCCY2kl0 sfFQkNjYmmLhCApvN7DDAhNlHZu5qYLOfYitfY2UsbPwTE2eBQsCT3OTknHtzT44XCa7ANL+M3Nr6xuZWfruws7u3f1AsHT6pMJaU2TQUoWx5RDHBA2YDB8FakWTE9wRresPbzG8+M6l4GDzCKGKOT/oB73FKQEtusYQrHZ/AwPO S+9RNxmnFLZbNqjkFXiXWnJTRHA23+NPphjT2WQBUEKXalhmBkxAJnAqWFjqxYhGhQ9JnbU0D4jPlJNPoKT7VShf3QqknADxV/14kxFdq5Ht6M4uplr1M/M9rx9C7chIeRDGwgM4e9WKBIcRZD7jLJaMgRpoQKrnOiumASEJBt7X wBfhwnK4o5xfdSISQFnRf1nI7q8SuVa+r1kOtXL+ZF5dHx+gEnSELXaI6ukMNZCOKXtArekMTY2K8Gx/G52w1Z8xvjtACjO9fCF+lXg==</latexit><latexit sha1_base64="mOtK1qun4S/YIBzy27Fl7U15MnQ=">AAACJHicbVC7TgJBFJ3FF+ILtLSZCCY2kl0 sfFQkNjYmmLhCApvN7DDAhNlHZu5qYLOfYitfY2UsbPwTE2eBQsCT3OTknHtzT44XCa7ANL+M3Nr6xuZWfruws7u3f1AsHT6pMJaU2TQUoWx5RDHBA2YDB8FakWTE9wRresPbzG8+M6l4GDzCKGKOT/oB73FKQEtusYQrHZ/AwPO S+9RNxmnFLZbNqjkFXiXWnJTRHA23+NPphjT2WQBUEKXalhmBkxAJnAqWFjqxYhGhQ9JnbU0D4jPlJNPoKT7VShf3QqknADxV/14kxFdq5Ht6M4uplr1M/M9rx9C7chIeRDGwgM4e9WKBIcRZD7jLJaMgRpoQKrnOiumASEJBt7X wBfhwnK4o5xfdSISQFnRf1nI7q8SuVa+r1kOtXL+ZF5dHx+gEnSELXaI6ukMNZCOKXtArekMTY2K8Gx/G52w1Z8xvjtACjO9fCF+lXg==</latexit><latexit sha1_base64="mOtK1qun4S/YIBzy27Fl7U15MnQ=">AAACJHicbVC7TgJBFJ3FF+ILtLSZCCY2kl0 sfFQkNjYmmLhCApvN7DDAhNlHZu5qYLOfYitfY2UsbPwTE2eBQsCT3OTknHtzT44XCa7ANL+M3Nr6xuZWfruws7u3f1AsHT6pMJaU2TQUoWx5RDHBA2YDB8FakWTE9wRresPbzG8+M6l4GDzCKGKOT/oB73FKQEtusYQrHZ/AwPO S+9RNxmnFLZbNqjkFXiXWnJTRHA23+NPphjT2WQBUEKXalhmBkxAJnAqWFjqxYhGhQ9JnbU0D4jPlJNPoKT7VShf3QqknADxV/14kxFdq5Ht6M4uplr1M/M9rx9C7chIeRDGwgM4e9WKBIcRZD7jLJaMgRpoQKrnOiumASEJBt7X wBfhwnK4o5xfdSISQFnRf1nI7q8SuVa+r1kOtXL+ZF5dHx+gEnSELXaI6ukMNZCOKXtArekMTY2K8Gx/G52w1Z8xvjtACjO9fCF+lXg==</latexit>
M?
<latexit sha1_base64="bBBPQSIbCx+Ysw/c6OXKL1FCEro=">AAACJ3icbVDLSgNBEOyNrxhf8YEXL4tB8GLY1YN6C3rxIiRgTCAJcXYySYbM7g4zvUKy 7L94NV/jSfQi+CGCk8fBJBY0FFXddFGeFFyj43xaqaXlldW19HpmY3Nreye7u/eow0hRVqahCFXVI5oJHrAychSsKhUjvidYxevdjvzKM1Oah8ED9iVr+KQT8DanBI3UzB7EdZ9g1/Pi+6QZ1yVTMkma2ZyTd8awF4k7JbnCYenrCQCKzexPvRXSyGcBUkG0rrmOxEZMFHIqWJKpR5pJQnukw2qGBsRnuhGP0yf2iVFadjt UZgK0x+rfi5j4Wvd9z2yOoup5byT+59UibF81Yh7ICFlAJ4/akbAxtEdV2C2uGEXRN4RQxU1Wm3aJIhRNYTNfkPcGyYJydtGSIsQkY/py59tZJOXz/HXeLZnebmCCNBzBMZyCC5dQgDsoQhkoDOAFXmFoDa036936mKymrOnNPszA+v4FGT6pkA==</latexit><latexit sha1_base64="QgFQ/R5mXcncyJeazo4OPSajfKY=">AAACJ3icbVDLSsNAFJ3UV62v+sCNm2AR3FgSXai7UjduhBaMLTShTKbTdugkGWZuhDbk X9xa8C/8AFeiG8EPEZw+Frb1wIXDOfdyD8cXnCmwrE8js7S8srqWXc9tbG5t7+R39x5UFEtCHRLxSNZ9rChnIXWAAad1ISkOfE5rfu9m5NceqVQsCu+hL6gX4E7I2oxg0FIzf5C4AYau7yd3aTNxBZUiTZv5glW0xjAXiT0lhdJh9Yu9lF8rzfyP24pIHNAQCMdKNWxLgJdgCYxwmubcWFGBSQ93aEPTEAdUeck4fWqeaKV ltiOpJwRzrP69SHCgVD/w9eYoqpr3RuJ/XiOG9pWXsFDEQEMyedSOuQmROarCbDFJCfC+JphIprOapIslJqALm/kCrDdIF5Szi5bgEaQ53Zc9384icc6L10W7qnsrowmy6Agdo1Nko0tUQreoghxE0AA9oWc0NIbGm/FufExWM8b0Zh/NwPj+BbNXq0w=</latexit><latexit sha1_base64="QgFQ/R5mXcncyJeazo4OPSajfKY=">AAACJ3icbVDLSsNAFJ3UV62v+sCNm2AR3FgSXai7UjduhBaMLTShTKbTdugkGWZuhDbk X9xa8C/8AFeiG8EPEZw+Frb1wIXDOfdyD8cXnCmwrE8js7S8srqWXc9tbG5t7+R39x5UFEtCHRLxSNZ9rChnIXWAAad1ISkOfE5rfu9m5NceqVQsCu+hL6gX4E7I2oxg0FIzf5C4AYau7yd3aTNxBZUiTZv5glW0xjAXiT0lhdJh9Yu9lF8rzfyP24pIHNAQCMdKNWxLgJdgCYxwmubcWFGBSQ93aEPTEAdUeck4fWqeaKV ltiOpJwRzrP69SHCgVD/w9eYoqpr3RuJ/XiOG9pWXsFDEQEMyedSOuQmROarCbDFJCfC+JphIprOapIslJqALm/kCrDdIF5Szi5bgEaQ53Zc9384icc6L10W7qnsrowmy6Agdo1Nko0tUQreoghxE0AA9oWc0NIbGm/FufExWM8b0Zh/NwPj+BbNXq0w=</latexit><latexit sha1_base64="vvXHW/iiKlDXd+F6KPG6DwHprb4=">AAACJ3icbVDLSsNAFJ3UV62v+Ni5CRbBjSXRhborunEjVDC20IQymU7boZNkmLkR2pB/ cWu/xpXo0g8RnLRZ2NYDFw7n3Ms9nEBwpsC2v4zSyura+kZ5s7K1vbO7Z+4fPKs4kYS6JOaxbAVYUc4i6gIDTltCUhwGnDaD4V3uN1+oVCyOnmAkqB/ifsR6jGDQUsc8Sr0QwyAI0oesk3qCSpFlHbNq1+wprGXiFKSKCjQ65o/XjUkS0ggIx0q1HVuAn2IJjHCaVbxEUYHJEPdpW9MIh1T56TR9Zp1qpWv1YqknAmuq/r1 IcajUKAz0Zh5VLXq5+J/XTqB37acsEgnQiMwe9RJuQWzlVVhdJikBPtIEE8l0VosMsMQEdGFzX4ANx9mScn7ZFTyGrKL7chbbWSbuRe2m5jza1fptUVwZHaMTdIYcdIXq6B41kIsIGqNX9IYmxsR4Nz6Mz9lqyShuDtEcjO9fOwWnqw==</latexit>
Mz
<latexit sha1_base64="m OtK1qun4S/YIBzy27Fl7U15MnQ=">AAACJHicbVC7TgJB FJ3FF+ILtLSZCCY2kl0sfFQkNjYmmLhCApvN7DDAhNlHZ u5qYLOfYitfY2UsbPwTE2eBQsCT3OTknHtzT44XCa7ANL+ M3Nr6xuZWfruws7u3f1AsHT6pMJaU2TQUoWx5RDHBA2YD B8FakWTE9wRresPbzG8+M6l4GDzCKGKOT/oB73FKQEtus YQrHZ/AwPOS+9RNxmnFLZbNqjkFXiXWnJTRHA23+NPphj T2WQBUEKXalhmBkxAJnAqWFjqxYhGhQ9JnbU0D4jPlJNP oKT7VShf3QqknADxV/14kxFdq5Ht6M4uplr1M/M9rx9C7 chIeRDGwgM4e9WKBIcRZD7jLJaMgRpoQKrnOiumASEJBt7 XwBfhwnK4o5xfdSISQFnRf1nI7q8SuVa+r1kOtXL+ZF5d Hx+gEnSELXaI6ukMNZCOKXtArekMTY2K8Gx/G52w1Z8xv jtACjO9fCF+lXg==</latexit><latexit sha1_base64="m OtK1qun4S/YIBzy27Fl7U15MnQ=">AAACJHicbVC7TgJB FJ3FF+ILtLSZCCY2kl0sfFQkNjYmmLhCApvN7DDAhNlHZ u5qYLOfYitfY2UsbPwTE2eBQsCT3OTknHtzT44XCa7ANL+ M3Nr6xuZWfruws7u3f1AsHT6pMJaU2TQUoWx5RDHBA2YD B8FakWTE9wRresPbzG8+M6l4GDzCKGKOT/oB73FKQEtus YQrHZ/AwPOS+9RNxmnFLZbNqjkFXiXWnJTRHA23+NPphj T2WQBUEKXalhmBkxAJnAqWFjqxYhGhQ9JnbU0D4jPlJNP oKT7VShf3QqknADxV/14kxFdq5Ht6M4uplr1M/M9rx9C7 chIeRDGwgM4e9WKBIcRZD7jLJaMgRpoQKrnOiumASEJBt7 XwBfhwnK4o5xfdSISQFnRf1nI7q8SuVa+r1kOtXL+ZF5d Hx+gEnSELXaI6ukMNZCOKXtArekMTY2K8Gx/G52w1Z8xv jtACjO9fCF+lXg==</latexit><latexit sha1_base64="m OtK1qun4S/YIBzy27Fl7U15MnQ=">AAACJHicbVC7TgJB FJ3FF+ILtLSZCCY2kl0sfFQkNjYmmLhCApvN7DDAhNlHZ u5qYLOfYitfY2UsbPwTE2eBQsCT3OTknHtzT44XCa7ANL+ M3Nr6xuZWfruws7u3f1AsHT6pMJaU2TQUoWx5RDHBA2YD B8FakWTE9wRresPbzG8+M6l4GDzCKGKOT/oB73FKQEtus YQrHZ/AwPOS+9RNxmnFLZbNqjkFXiXWnJTRHA23+NPphj T2WQBUEKXalhmBkxAJnAqWFjqxYhGhQ9JnbU0D4jPlJNP oKT7VShf3QqknADxV/14kxFdq5Ht6M4uplr1M/M9rx9C7 chIeRDGwgM4e9WKBIcRZD7jLJaMgRpoQKrnOiumASEJBt7 XwBfhwnK4o5xfdSISQFnRf1nI7q8SuVa+r1kOtXL+ZF5d Hx+gEnSELXaI6ukMNZCOKXtArekMTY2K8Gx/G52w1Z8xv jtACjO9fCF+lXg==</latexit><latexit sha1_base64="m OtK1qun4S/YIBzy27Fl7U15MnQ=">AAACJHicbVC7TgJB FJ3FF+ILtLSZCCY2kl0sfFQkNjYmmLhCApvN7DDAhNlHZ u5qYLOfYitfY2UsbPwTE2eBQsCT3OTknHtzT44XCa7ANL+ M3Nr6xuZWfruws7u3f1AsHT6pMJaU2TQUoWx5RDHBA2YD B8FakWTE9wRresPbzG8+M6l4GDzCKGKOT/oB73FKQEtus YQrHZ/AwPOS+9RNxmnFLZbNqjkFXiXWnJTRHA23+NPphj T2WQBUEKXalhmBkxAJnAqWFjqxYhGhQ9JnbU0D4jPlJNP oKT7VShf3QqknADxV/14kxFdq5Ht6M4uplr1M/M9rx9C7 chIeRDGwgM4e9WKBIcRZD7jLJaMgRpoQKrnOiumASEJBt7 XwBfhwnK4o5xfdSISQFnRf1nI7q8SuVa+r1kOtXL+ZF5d Hx+gEnSELXaI6ukMNZCOKXtArekMTY2K8Gx/G52w1Z8xv jtACjO9fCF+lXg==</latexit>
M?
<latexit sha1_base64="bBBPQSIb Cx+Ysw/c6OXKL1FCEro=">AAACJ3icbVDLSgNBEOyNrxhf8YEXL4tB8GLY1Y N6C3rxIiRgTCAJcXYySYbM7g4zvUKy7L94NV/jSfQi+CGCk8fBJBY0FFXddF GeFFyj43xaqaXlldW19HpmY3Nreye7u/eow0hRVqahCFXVI5oJHrAychSsKh UjvidYxevdjvzKM1Oah8ED9iVr+KQT8DanBI3UzB7EdZ9g1/Pi+6QZ1yVTMk ma2ZyTd8awF4k7JbnCYenrCQCKzexPvRXSyGcBUkG0rrmOxEZMFHIqWJKpR 5pJQnukw2qGBsRnuhGP0yf2iVFadjtUZgK0x+rfi5j4Wvd9z2yOoup5byT+5 9UibF81Yh7ICFlAJ4/akbAxtEdV2C2uGEXRN4RQxU1Wm3aJIhRNYTNfkPcGy YJydtGSIsQkY/py59tZJOXz/HXeLZnebmCCNBzBMZyCC5dQgDsoQhkoDOAFX mFoDa036936mKymrOnNPszA+v4FGT6pkA==</latexit><latexit sha1_base64="QgFQ/R5m XcncyJeazo4OPSajfKY=">AAACJ3icbVDLSsNAFJ3UV62v+sCNm2AR3FgSXa i7UjduhBaMLTShTKbTdugkGWZuhDbkX9xa8C/8AFeiG8EPEZw+Frb1wIXDOf dyD8cXnCmwrE8js7S8srqWXc9tbG5t7+R39x5UFEtCHRLxSNZ9rChnIXWAAa d1ISkOfE5rfu9m5NceqVQsCu+hL6gX4E7I2oxg0FIzf5C4AYau7yd3aTNxBZ UiTZv5glW0xjAXiT0lhdJh9Yu9lF8rzfyP24pIHNAQCMdKNWxLgJdgCYxwm ubcWFGBSQ93aEPTEAdUeck4fWqeaKVltiOpJwRzrP69SHCgVD/w9eYoqpr3R uJ/XiOG9pWXsFDEQEMyedSOuQmROarCbDFJCfC+JphIprOapIslJqALm/kCr DdIF5Szi5bgEaQ53Zc9384icc6L10W7qnsrowmy6Agdo1Nko0tUQreoghxE0 AA9oWc0NIbGm/FufExWM8b0Zh/NwPj+BbNXq0w=</latexit><latexit sha1_base64="QgFQ/R5m XcncyJeazo4OPSajfKY=">AAACJ3icbVDLSsNAFJ3UV62v+sCNm2AR3FgSXa i7UjduhBaMLTShTKbTdugkGWZuhDbkX9xa8C/8AFeiG8EPEZw+Frb1wIXDOf dyD8cXnCmwrE8js7S8srqWXc9tbG5t7+R39x5UFEtCHRLxSNZ9rChnIXWAAa d1ISkOfE5rfu9m5NceqVQsCu+hL6gX4E7I2oxg0FIzf5C4AYau7yd3aTNxBZ UiTZv5glW0xjAXiT0lhdJh9Yu9lF8rzfyP24pIHNAQCMdKNWxLgJdgCYxwm ubcWFGBSQ93aEPTEAdUeck4fWqeaKVltiOpJwRzrP69SHCgVD/w9eYoqpr3R uJ/XiOG9pWXsFDEQEMyedSOuQmROarCbDFJCfC+JphIprOapIslJqALm/kCr DdIF5Szi5bgEaQ53Zc9384icc6L10W7qnsrowmy6Agdo1Nko0tUQreoghxE0 AA9oWc0NIbGm/FufExWM8b0Zh/NwPj+BbNXq0w=</latexit><latexit sha1_base64="vvXHW/ii KlDXd+F6KPG6DwHprb4=">AAACJ3icbVDLSsNAFJ3UV62v+Ni5CRbBjSXRhb orunEjVDC20IQymU7boZNkmLkR2pB/cWu/xpXo0g8RnLRZ2NYDFw7n3Ms9nE BwpsC2v4zSyura+kZ5s7K1vbO7Z+4fPKs4kYS6JOaxbAVYUc4i6gIDTltCUh wGnDaD4V3uN1+oVCyOnmAkqB/ifsR6jGDQUsc8Sr0QwyAI0oesk3qCSpFlHb Nq1+wprGXiFKSKCjQ65o/XjUkS0ggIx0q1HVuAn2IJjHCaVbxEUYHJEPdpW 9MIh1T56TR9Zp1qpWv1YqknAmuq/r1IcajUKAz0Zh5VLXq5+J/XTqB37acsE gnQiMwe9RJuQWzlVVhdJikBPtIEE8l0VosMsMQEdGFzX4ANx9mScn7ZFTyGr KL7chbbWSbuRe2m5jza1fptUVwZHaMTdIYcdIXq6B41kIsIGqNX9IYmxsR4N z6Mz9lqyShuDtEcjO9fOwWnqw==</latexit>
d8 Diamond AFM
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FIG. 5. (Color online.) Single-ion energy level schemes (upper panels) and schematic magnetization curves (lower panels) for
(a) d8 diamond AFM, (b) The S = 1 diamond lattice antiferromagnet FeSc2S4, (c) spin-1/2 dimerized magnets, (d) spin-1
dimerized magnets [30]. See discussion in text.
the z axis, respectively.
The single-ion Hamiltonian of our simplified model for
NiRh2O4 reads
H0 =λ
∑
i
Li · Si −
∑
i
B(Lzi + 2S
z
i )
=λ
∑
i
(Ji)
2/2−
∑
i
B(Jzi + S
z
i ), (37)
with λ > 0, spin S = 1, the effective orbital angular mo-
mentum L = 1 and Ji ≡ Li + Si. At the zero field, the
SOC term splits the single-ion energy levels to the low-
est J = 0 singlet, higher J = 1 triplets and J = 2 quin-
tuplets. Since Jz is conserved and J is not, the sin-
glet evolves to a 〈J〉 6= 0 state and gains energy form
the growth of Mz, when the magnetic field is switched
on. As the magnetic field increasing, it brings down a
Jz = 1 state from the triplets and a Jz = 2 state from
the quintuplets successively, and the ground state level
crossing happens twice. For small but nonzero Hex, the
crossing points expand to finite ranges due to the band-
width brought by the exchange interaction, leading to the
double-dome structure in theM⊥ curve, see Fig. 5(a), (e).
For stronger Hex, two domes will fuse together.
The single-ion Hamiltonian of FeSc2S4 can be modeled
as [3]
H0 =− λ
3
∑
i
{√
3T xi
[
(Sxi )
2 − (Syi )2
]
+ T zi
[
3(Szi )
2 − S2i
]}
−
∑
i
BSzi , (38)
with λ > 0, spin S = 2 and the pseudospin T = 1/2,
where T acts on the x2 − y2 and 3z2 − r2 orbitals in the
eg subspace. The orbital angular momentum is quenched
and the magnetic field couples to spin only. Again the
lowest singlet state at zero-field can gain energy from
the polarization when the magnetic field is switched on.
Moreover, it adiabatically evolves to the fully polarized
state without level crossing, so M⊥ remains zero, see
Fig. 5(b), (f). For strong enough Hex, the initial state of
the system is a magnetic ordered state with nonzeroM⊥.
The magnetic field is to suppress the magnetic order [3],
leading to a monotonic decrease of M⊥.
For dimerized magnets, one has
H0 =J0
∑
i
Si,1 · Si,2 −
∑
i
B(Szi,1 + S
z
i,2)
=J0
∑
i
(Si,tot)
2/2−
∑
i
BSzi,tot, (39)
with J0 > 0. Here, Si,1 and Si,2 are two spins on the
dimer i. At zero field, J0 splits the single-ion energy levels
to the lowest Stot = 0 singlet and higher high-spin multi-
plets. Due to Zeeman splitting, the magnetic field brings
down high-Sztot states and the ground state level crossing
happens. The same argument as that for NiRh2O4 can
explain the single- (double-) dome structure in the M⊥
curve of spin-1/2 (spin-1) dimerized magnets. Interest-
ingly, since both Stot and S
z
tot are conserved,Mz can only
grow within the ranges corresponding to level crossings,
i.e. within the domes in the M⊥ curve, and becomes
plateaus out of that [26, 30]. Please refer Fig. 5(c), (g)
((d), (h)) for the spin-1/2 (spin-1) case.
